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Request for your special attention and precautions in using the technical information 
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and semiconductors described in this book 


An export permit needs to be obtained from the competent authorities of the Japanese Government if any of 
the products or technologies described in this book and controlled under the "Foreign Exchange and Foreign 
Trade Law" is to be exported or taken out of Japan. 


The technical information described in this book is limited to showing representative characteristics and 
applied circuits examples of the products. It neither warrants non-infringement of intellectual property right 
or any other rights owned by our company or a third party, nor grants any license. 


We are not liable for the infringement of rights owned by a third party arising out of the use of the product or 
technologies as described in this book. 


The products described in this book are intended to be used for standard applications or general electronic 
equipment (such as office equipment, communications equipment, measuring instruments and household 
appliances). 

Consult our sales staff in advance for information on the following applications: 


Special applications (such as for airplanes, aerospace, automobiles, traffic control equipment, combustion 
equipment, life support systems and safety devices) in which exceptional quality and reliability are required, 
or if the failure or malfunction of the products may directly jeopardize life or harm the human body. 


Any applications other than the standard applications intended. 


The products and product specifications described in this book are subject to change without notice for 
modification and/or improvement. At the final stage of your design, purchasing, or use of the products, 
therefore, ask for the most up-to-date Product Standards in advance to make sure that the latest specifications 
satisfy your requirements. 


When designing your equipment, comply with the guaranteed values, in particular those of maximum rating, 
the range of operating power supply voltage, and heat radiation characteristics. Otherwise, we will not be 
liable for any defect which may arise later in your equipment. 

Even when the products are used within the guaranteed values, take into the consideration of incidence of 
break down and failure mode, possible to occur to semiconductor products. Measures on the systems such as 
redundant design, arresting the spread of fire or preventing glitch are recommended in order to prevent 
physical injury, fire, social damages, for example, by using the products. 


When using products for which damp-proof packing is required, observe the conditions (including shelf life 
and amount of time let standing of unsealed items) agreed upon when specification sheets are individually 
exchanged. 


This book may be not reprinted or reproduced whether wholly or partially, without the prior written 
permission of Matsushita Electric Industrial Co., Ltd. 





If you have any inquiries or questions about this book or our semiconductors, please contact one of our sales 
offices listed at the back of this book. 





About This Manual 


This document contains a detailed description of the instruction set for the MN1030/MN103S Series. 

This document concentrates on the AM32 microcontroller core. When the specifications differ between cores, 
separate descriptions appear next to icons indicating the appropriate core or cores 

Chapter 1 provides an overview of the instruction set--instruction functions, formats, and the like. 

Chapter 2 contains detailed descriptions of the individual instructions--operation, effect on PSW flags, and the like. 
Chapter 3 contains usage notes--a description of the pipeline architecture, programming notes, usage 
recommendations, and the like. 


The Appendix contains charts for the entire instruction set and instruction mappings. 


Finding Information 


This document incorporates the following aids for locating necessary information as quickly as possible. 
(1) Index tabs in the inside margins of left-hand pages indicate Chapters. 
(2) The table of contents near the beginning of this document lists section headings. 
(3) As you flip through the document, the page header gives the chapter; the footer, the section heading. 


(4) The index near the end of this document lists page references for all instructions and instruction variants. 


In Chapter 2, the instruction mnemonic appears in the page footer for right-hand pages. 


@ Related Manuals 


The following related manuals are available. Please contact our sales representative for more details. 


< For MN1030 Series Users > 

MN1030 Series Cross Assembler User's Manual 

<Describes the assembler syntax and notation> 

MN1030 Series C Compiler User's Manual: Usage Guide 

<Describes the installation, the commands, and options of the C Compiler> 
MN1030/MN103S/MN103E Series C Compiler User's Manual: Language Description 
<Describes the syntax of the C Compiler> 

MN1030/MN103S/MN103E Series C Compiler User's Manual: Library Reference 
<Describes the the standard library of the C Compiler> 

MN1030/MN103S Series C Source Code Debugger for Windows® User's Manual 


<Describes the use of the C source code debugger for Windows®> 


MN1030/MN103S Series Installation Manual 


<Describes the installation of the C compiler, cross-assembler and C source code debugger and the 











procedure for bringing up the in-circuit emulator> 
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< For MN103S Series Users > 

MN103S Series Cross Assembler User's Manual 
<Describes the assembler syntax and notation> 

MN103S Series C Compiler User's Manual: Usage Guide 
<Describes the installation, the commands, and options of the C Compiler> 

MN1030/MN103S/MN103E Series C Compiler User's Manual: Language Description 
<Describes the syntax of the C Compiler> 

MN1030/MN103S/MN103E Series C Compiler User's Manual: Library Reference 
<Describes the the standard library of the C Compiler> 

MN1030/MN103S Series C Source Code Debugger for Windows® User's Manual 
<Describes the use of the C source code debugger for Windows®> 

MN1030/MN103S Series Installation Manual 


<Describes the installation of the C compiler, cross-assembler and C source code debugger and the 


procedure for bringing up the in-circuit emulator> 
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Instruction function and type 


Instruction format 





Operation details 


Assemble mnemonic 
supplementr 






icon core marks 
indicates objective 
micom core 


indecates instructions 
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MO | B U Zero-extend Byte Move 





MOVBU Mem,Reg 








Operation 





Mem—Reg 
Byte-data-moves the contents of the memory(Mem) to the register(Reg) 


(8 bits>32 bits; zero-extended) 









Assembler mnemonic 


Notes 


g 
N 





movbu_(Am),Dn 








movbu (d8,Am),Dn 


d8 is sign-extended 








movbu (d16,Am),Dn 


d16 is sign-extended 





movbu _(d32,Am),Dn 








movbu (d8,SP),Dn 


d8 is zero-extended 








movbu (d16,SP),Dn 


d16 zero-extended 





movbu _(d32,SP),Dn 








movbu (DiAm),Dn 








movbu (abs16),Dn 


abs16 zero-extended 


LL EPEP EPL EL PEELE pL |< 


LLLP LP ELE Ly Lp Le 
LPLP EPL L pL 2 
PEELE PEEL EEE LLIN 





movbu (abs32),Dn 
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Flag Changes 








VF: No Changes. 
CF: No Changes. 
NF: No Changes. 
ZE: No Changes 











MOVBU 










Flag changes 












@: may change 

- :will not change 
0: always 0 

1: always 1 

?: undifined 

*: user defined 


Code size, cycles 

requires following 

conditions; 

(1) no pipeline install 

(2) instruction fetch: 2 
data load/store : 1 


Flag changes details 
Notes 


Read carefully to run 
the program right. 


@ Page Layouts 


The three layouts below are the standards for the three Chapters. 


Chapter 1 pages give the section title, an overview, the main text, and notes. 


Chapter 2 pages give the instruction syntax, operational description, and notes. 


Chapter 3 pages feature such items as pipeline operation diagrams, code samples, and notes. 


Sation tl 





Overview 
(First page of section only) 


Table Summary of 





section contents 


Notes Observe 





these precautions to ensure 
reliable program operation. 


Core icons 


Chapter 1 Overview 


Instruction Functions 


The instruction set has been kept simple so that C compiler output is compact and highly optimized. 


The following table shows all instructions divided into functional groups. 





Data Transfer Sign Extension Clear 
Transfer MOV EXT CLR 
Instructions MOVBU EXTB 
MOVB*1 EXTB 
MOVHU EXTH 
MOVH*1 EXTHU 
MOVM 
‘Arithmetic ‘Addition Subtraction Multiplication Division 
faGiructions ADD SUB MUL DIV 
ADDC SUBC MULU DIVU 
INC 
INC4 


Comparison 
Instructions CMP 














Compare 








Bitwise Logical Logical Sum Logical Product Inversion Exclusive OR 
Instructions OR AND NOT XOR 

Bit Manipula- Test Test and Set Test and Clear 
tion Instructions BTST BSET BCLR 

Shift Shift Rotation 
ASR*2 ROR 
LSR*2 ROL 
ASL 
ASL2 














Instructions 





ranch Branch Loop Setup Subroutine Call Return 


SETLB CALL RET 
CALLS RETF 
JSR*1 RETS 
TRAP RTS*1 
RTI 





Instructions 





NOP Instruction No Operation 
NOP 








Expansion 
User Defined UDFnn 

Instructions UDFUnn 
*1. MOVB, MOVH, and JSR are assembler shorthand for instruction sequences. RTS is an alias for RETS. 


























*2. The ASR Dn and LSR Dn variants are assembler shorthand for single-bit shifts of the specified register. 





The BSET and BCLR instructions temporarily disable interrupts and lock the bus for exclusive 
CPU use while they execute. 








The BSET and BCLR instructions do not lock the bus for operations on data 
in the cachable region of external memory. 





Instruction Functions 





These indicate the applicable 
microcontroller cores. 


MN1030 Series 
AM30: First generation 
AM31: Second generation 


MN108S Series 
AM32: Third generation 
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Expalanation for Code 
Sequences to avoid 


Description 


— 
— 


Pipeline architecture 


Example of problematic 
program 


Example of revised 
program 


Applicable instructions 


Notes 


R 


ead carefully to run 
the program right 





Chapter 3 Usage Notes 


(3) Cachable Memory, DCBYPS = 0, Follower Storing without d32/abs32 


[ Description ] 
To prevent pipeline stalls, we recommend inserting at least one cycle when the DCBYPS bit is “0,” 
the leading instruction accesses cachable external memory, and the following instruction stores the 
data without using a d32 or abs32 operand. 





‘allabie 














load Jeyele gan thaut 32 bt immediate value 
DEC ( > 
inseton doco narucin 
EX i 
MEM i { ; 
we 


Slgnmentiexiension 
‘of memary data 
fegster wite 


\ { )i 
+ wie cache! 
Yeadoutdata 
cache readout 
complete 




















Example | 
[ Problematic Version ] 
inc al 
mov (a0),d0 —_Load instruction 
mov d0,(a1) —_ Instruction storing loaded data without d32/abs32 operand 








| 


instruction. 


Retrieving and aligning the data from the cache takes one cycle, so the pipeline stalls 
until the data loaded with the first MOV instruction is available to the second MOV 





[ Revised Version ] 


mov (a0),d0 —_Load instruction 
inc al 
mov d0,(a1) Instruction storing loaded data without d32/abs32 operand 








The data loaded with the first MOV instruction is available to the second MOV instruc- 
tion, so the pipeline does not stall. 





Applicable Instructions ] 

All load variants of MOV, MOVBU, and MOVHU 

MOV, MOVBU, MOVB, MOVHU, and MOVH store without d32/abs32 
operands 


<Leading instruction> 


<Following instruction> 


Q 





Here cachable external memory refers to the cachable portions of AM31 or AM32 


external memory. 





Code Sequences to Avoid 131 
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Chapter 1 Overview 


Instruction Set 


The MN1030/MN103S Series of 32-bit microcontrollers has a simple instruction set designed to make C 
compiler output compact and highly optimized. It minimizes code size by adopting a variable length instruction 
format with a basic instruction length of only one byte. It is thus able to minimize increases in assembler 
program code size even though the only data transfers supported by the simple instruction set are load and 


store. 


CPU Cores 


AM30, AM31, and AM32 are 32-bit embedded application microcontroller cores from the Matsushita AM 
Series of C-oriented 8-, 16-, and 32-bit microcontrollers. Their specifications differ for certain instructions. 


The following are brief overviews of these three cores. 


MN1030 Series 


AM30: First-generation microcontroller core 


ANOS supporting connection to ROM, RAM, and Flash memory for instructions and RAM 
for data. 


AM31: Second-generation microcontroller core 


supporting connection to cache memory for both instructions and data. 
General-purpose microcomputer based on this core: 


MN103002A 


MN103S Series 


AM32: Third-generation microcontroller core 


supporting connection to ROM, RAM, Flash memory, and cache memory for 
or instructions and RAM and cache memory for data. 


This document concentrates on the AM32 microcontroller core. When the specifications differ between 


cores, separate descriptions appear next to icons indicating the appropriate core or cores. 
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Register Set 


The register set includes data registers for arithmetic and general use, address registers for use as pointers, 
and the stack pointer. This set greatly contributes to increasing the internal architecture's performance by 


reducing code size and boosting parallel use of pipeline stages. 


This register set incorporates features enabling the use of C and other high-level languages. 













































































31 0 
Data registers DO 
D1 
D2 
D3 
31 0 
Address registers AO 
Al 
A2 
A3 
31 0 
Stack pointer SP 
31 0 
Program counter PC 
31 0 
Multiply/divide register MDR 
15 0 
Processor status word PSW 
31 0 
Loop instruction register LIR 
31 0 
Loop address register LAR 








The Loop Instruction Register (LIR) and Loop Address Register (LAR) are for speeding up the branch to 
and execution of the first instruction in a loop. The SETLB (Set Loop Beginning) instruction loads them 
with the next four instruction bytes and the address of the fifth, respectively. The Lcc (Loop) instruction then 
uses these stored values to jump-start execution of the first instruction in the loop while fetching additional 


instruction bytes. 
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2.1 Data Registers 


DO to D3: Data Registers (32 bits x 4) 


These four 32-bit registers are for arithmetic and general use. Data values are automatically zero-extended 
to 32 bits when they are loaded from memory. The EXTB and EXTH instructions are also available for sign- 
extending them once loaded. 

For 8-bit data, a load operation copies the data from memory into the lowest eight bits of the register and 
zeros the other bits. A store copies the lowest eight bits of the register to memory. Following the load 
operation with an EXTB instruction sign-extends it from 8 bits to 32. 

For 16-bit data, a load operation copies the data from memory into the lowest 16 bits of the register and 
zeros the other bits. A store copies the lowest 16 bits of the register to memory. Following the load operation 


with an EXTH instruction sign-extends it from 16 bits to 32. 


2.2 Address Registers 


AO to A3: Address Registers (32 bits x 4) 
These four 32-bit registers are for use as address pointers, so support only the operations relevant to address 
calculations: addition, subtraction, and comparison. 


Because the contents are pointers, transfers to and from memory are always 32 bits wide. 


2.3 Stack Pointer 


SP: Stack Pointer (32 bits x 1) 


This 32-bit pointer indicates the address at the top of the stack. 
Because addressing is by the word, the lowest two bits of any value loaded into this register must be '00'-- 


that is, a multiple of four. 


2.4 Program Counter 


PC: Program Counter (32 bit x1) 


This 32-bit register holds the address of the instruction currently executing. 


2.5 Multiply/Divide Register 
MDR: Multiply/ Divide Register (32 bits x 1) 


This 32-bit register is for use by multiply and divide instructions. After a multiply operation, it holds the top 
32 bits of the 64-bit result. After a divide operation, it holds the 32-bit remainder; before, the top 32 bits of 
the 64-bit dividend. 
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2.6 Processor Status Word 


PSW: Processor Status Word (16 bits x 1) 


This 16-bit register displays CPU status and controls certain operations. Examples of the former function 


include the flag bits indicating calculation results; of the latter, the interrupt mask level bits. 
























































Z: Zero flag 
This bit goes to "1" if the calculation leaves "0" in all bits of the result and to "0" otherwise. After a reset, it 


is "9 " 


N: Negative flag 
This bit goes to "1" if the calculation leaves "1" in the most significant bit (MSB) of the result and to "0" 


otherwise. After a reset, it is "0." 


C: Carry flag 
This bit goes to "1" if the calculation produces a carry out of or borrow into the most significant bit (MSB) 


of the result and to "0" otherwise. After a reset, it is "0." 


V: Overflow flag 
This bit goes to "1" if the result exceeds the bounds for signed integers and to "0" otherwise. After a reset, it 


is "9 " 


IM2 to IMO: Interrupt mask level 

These three bits offer a choice of eight interrupt mask levels from 0 (OOOB) to 7 (111B). The hardware 
accepts only interrupt requests with levels higher than the specified value, and, when it accepts one, sets 
these bits to the interrupt request level to block subsequent interrupt requests at that and lower levels until 


interrupt processing is complete. After a reset, all bits are "0" for an interrupt mask level of 0. 


IE: Interrupt Enable 
This control bit is normally "1" to enable interrupts. When the hardware accepts an interrupt request, however, 
this bit goes to "0" to disable further interrupts. To support nested interrupts, the user application program 


must, therefore, reset this bit to "1." After a reset, it is "0." 


S1 to SO: Software Bits 
These two bits are for operating system use in controlling software. They are not for use by user application 


programs. After a reset, they are both "0." 
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2.7 Loop Instruction Register 


LIR: Loop Instruction Register (32 bits x 1) 


This 32-bit register, used only by the SETLB (Set Loop Beginning) and Lcc (Loop) instructions, holds the 
first four instruction bytes of the loop for use in speeding up iterations. The SETLB instruction loads it prior 
to the loop, and the Lcc instruction at the end of the loop then executes the copy while the pipeline fetches 
more instruction bytes starting from the fifth. 


For further details, see the SETLB description in Chapter 2. 


2.8 Loop Address Register 


LAR: Loop Address Register (32 bit x 1) 


This 32-bit register, used only by the SETLB (Set Loop Beginning) and Lec (Loop) instructions, holds the 
address of the fifth instruction byte of the loop. 
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Instruction Functions 


The instruction set has been kept simple so that C compiler output is compact and highly optimized. 


The following table shows all instructions divided into functional groups. 













































































Data Transfer Sign Extension Clear 
Transfer MOV EXT CLR 
Instructions MOVBU EXTB 
MOVB*1 EXTB 
MOVHU EXTH 
MOVH*1 EXTHU 
MOVM 
Arithmetic Addition Subtraction Multiplication Division 
Instructions ADD SUB MUL DIV 
ADDC SUBC MULU DIVU 
INC 
INC4 
Compare Comparison 
Instructions CMP 
Bitwise Logical Logical Sum Logical Product Inversion Exclusive OR 
Instructions OR AND NOT XOR 
Bit Manipula- Test Test and Set Test and Clear 
tion Instructions BTST BSET BCLR 
Shift Shift Rotation 
Instructions ASR*2 ROR 
LSR*2 ROL 
ASL 
ASL2 
pemnen ; Branch Loop Setup Subroutine Call Return 
dnyenenens Bec SETLB CALL RET 
Lec CALLS RETF 
JMP JSR*1 RETS 
TRAP RTS*1 
RTI 
NOP Instruction No Operation 
NOP 
Expansion 
User Defined UDFnn 
Instructions UDFUnn 
*1, MOVB, MOVH, and JSR are assembler shorthand for instruction sequences. RTS is an alias for RETS. 
*2, The ASR Dn and LSR Dn variants are assembler shorthand for single-bit shifts of the specified register. 
< The BSET and BCLR instructions temporarily disable interrupts and lock the bus for exclusive 
: CPU use while they execute. 





The BSET and BCLR instructions do not lock the bus for operations on 


lage ie 


data in the cachable region of external memory. 
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3.1 Data Transfer Instructions 


Data transfer instructions copy data between registers or between a register and memory. They fall into three 
groups: MOV, EXT, and CLR. 

The MOV group offers a variety of modes for addressing data and provides sign- and zero-extension as 
necessary for displacements, immediate values, etc. 

The EXT group provides sign- and zero-extension within the specified register or to the Multiply/Divide 
Register (MDR). 


The CLR instruction sets the specified register to zero. 





Instruction | Description 





MOV Word (32-bit) transfer between registers, word transfer between a register 


and memory, or loading of an immediate value into a register 





MOVBU Byte transfer between registers with zero-extension for loads 





MOVB*1_ | Byte transfer between registers with sign-extension for loads 





MOVHU Half-word (16-bit) transfer between registers with zero-extension for loads 





MOVH*1 | Half-word (16-bit) transfer between registers with sign-extension for loads 





























MOVM Multiregister transfer to and from stack in memory 

EXT Sign-extension of 32-bit word register into Multiply/Divide Register (MDR) 
EXTB Sign-extension of byte to 32 bits 

EXTBU Zero-extension of byte to 32 bits 

EXTH Sign-extension of half-word to 32 bits 

EXTHU Zero-extension of half-word to 32 bits 

CLR Register clear 








*1, MOVB and MOVH are assembler shorthand for instruction sequences. 
3.2 Arithmetic Instructions 


Arithmetic instructions perform an arithmetic operation on the two source operands (or one), store the result 
in a register, and--except for INC and INC4 with address registers, ADD with the Stack Pointer (SP), etc.-- 
update the PSW flags according to the result. Because of their frequent use in address calculations, there are 


separate instructions for incrementing by | and 4. 























Instruction Description 

Addition Addition with carry 
Subtraction Subtraction with carry 
Multiplication (signed) Multiplication (unsigned) 
Division (signed) Division (unsigned) 
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3.3 Compare Instructions 


The compare instructions subtract an immediate value or the contents of a register from the contents of 


another register, setting PSW flags for use in conditional branch instructions. 


Instruction Description 





CMP Comparison 


3.4 Bitwise Logical Instructions 


Bitwise logical instructions perform a logical operation on the two source operands (or one), store the result 





in a register, and update the PSW flags according to the result. 


























Instruction Description 

AND Logical Product 

OR Logical Sum 

XOR Exclusive OR 

NOT Inversion (ones complement) 





3.5 Bit Manipulation Instructions 


Bit manipulation instructions perform logical operations on the two source operands--an immediate value 
and a register, an immediate value and a memory location, a register and a memory location--and update the 


PSW flags according to the result. 























Instruction Description 

BTST Bit test 

BSET Bit test and set (byte) 
BCLR Bit test and clear (byte) 





3.6 Shift Instructions 


Shift instructions shift or rotate the specified register by the specified (or implied) amount and update the 


PSW flags according to the result. 
































Instruction Description 

ASR*2 Arithmetic shift right 
LSR*2 Logical shift right 

ASL Arithmetic shift left 
ASL2 Arithmetic 2-bit shift left 
ROR Single-bit rotation right 
ROL Single-bit rotation left 





*2. The ASR Dn and LSR Dn variants are assembler shorthand for single-bit shifts of the specified register. 
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3.7 Branch Instructions 


Branch instructions change the flow of execution. In addition to the usual conditional branch (Bcc) instruc- 
tion, there is a separate variant (Lcc) for use in loops. The latter relies on special registers to reduce the 
penalty normally associated with taking the branch and thus speed up loop execution. The subroutine call 
and return instructions feature high-performance specifications that automatically take care of manipulating 
the Program Counter (PC), saving the appropriate registers to and restoring them from the stack, and secur- 


ing and releasing the necessary stack space. 





















































Instruction Description 

Bcc Conditional branch (relative to PC) 

Lec Loop conditional branch (relative to PC) 

SETLB Loop setup 

JMP Unconditional branch (relative to PC or register indirect) 
CALL Subroutine call (high-performance variant) 

CALLS Subroutine call 

RET Return from subroutine (high-performance variant) 
RETF Return from subroutine (high-performance, high-speed variant) 
RETS Return from subroutine 

JSR*3 Subroutine call 

RTS*3 Return from subroutine 

RTI Return from interrupt handler 

TRAP Subroutine call to predetermined address 





*3, JSR is assembler shorthand for an instruction sequence. 


*4, RTS is an alias for RETS. 


3.8 NOP Instruction 


The NOP instruction does nothing but consume one cycle. It does not affect any resources. 





Instruction Description 
NOP No Operation 

















3.9 User Defined Instructions 


User defined instructions access add-on expansion units. They have a fixed format and reserved positions in 


the instruction mapping. For further details, refer to the documentation for the particular device. 











Instruction Description 
UDFnn User defined instruction (with sign extension) 
UDFUnn User defined instruction (with zero extension) 
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Memory Layout 


The MN1030/MN103S Series of 32-bit microcontrollers has a 4-gigabyte linear address space. Memory 
assignments within this address space follow the patterns below. Note how the memory map varies with 
such factors as internal memory configuration and memory mode. One assignment that is common throughout, 
however, is the location of the reset vector. It is always at 0x40000000. 

@ AM30 


[Single chip mode] 


- For instruction ROM - 


[Expansion Memory Mode] 
- For Instruction ROM/RAM - 


[Processor mode] 
- For Instruction ROM/RAM - 













0x00000000 0x00000000 a 0x00000000 = 
Internal nterna nternal 
Data RAM Data RAM Data RAM 
0x20000000 0x20000000;——___ 0x20000000 
Onboard et ; Internal 
inperipherals peripherals peripherals 
0x40000000 0x40000000;—_ 0x40000000 
Internal 
Internal Instruction RAM 
Instruction Instruction ROM 
ROM 
0x80000000-—__ 
0x80000000 External 
Memory 
reserved External 
memory 
0xC0000000 0xC0000000 0xC0000000 
reserved reserved reserved 
OxFFFFFFF OxEEFEPEPE OxFFFFFFFF 


@ AM31 














[Processor mode] 


- For Cache - 


0x00000000 


0x20000000 


0x40000000 


0x80000000 





Onboard 


(uncachable) 


External memory 
(cachable) 


peripherals 


External memory 
(cachable) 





External memory 
(uncachable) 





0xC0000000 





OxFFFFFFFF 


reserved 
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@ AM32 


12 


0x00000000 


0x20000000 


Onboard 
peripherals 





0x40000000 


Internal 
Program ROM 





0x80000000 


0xC0000000 








reserved 


reserved 


OxFFFFFFFF 


0x00000000 






0x20000000 





0x40000000 





0x80000000 


0xC0000000 


[Single Chip Mode] 
- for Instruction ROM - 





0x0000000 


0x00008000 


Internal 
Data RAM 





Onboard peripherals 





0x0000C000 


External Memory 





0x00010000 


22 





0x20000000 


[Extended Memory Mode] 


Onboard 
peripherals 


Internal 
rogram ROM / 
RAM 


External Memory 





reserved 


OxFFFFFFFF 


Memory Layout 















- for Program ROM/RAM - 





0x000000 


0x00008000 
0x0000C000 
0x00010000 






Internal 
Data RAM 


22 





Internal 
Data RAM 





Onboard periphefals 


External Memory 














Internal 
Data RAM 





0x40000000! 
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- for Program in external memory - 


Onboard 
peripherals 


External Memory 


















0xC0000000 

reserved 
OxFFFFFFFF 
0x00000000 
0x20000000 

Onboard 
0x40000000| Peripherals 





0x80000000; 


External Memory 
(cachable) 








External Memory 
(uncachable) 








0xC0000000 


OxFFFFFFFF 


reserved 






0x000000' 





0x00008000 
0x0000C000 
0x00010000 


Internal 
Data RAM 


Onboard peripherals 





External Memory 








[Processor Mode] 
- with cache - 


Internal 
Data RAM 











0x0000000 


0x00008000 


External memory 
(uncachable) 





Onboard peripherals 





0x0000C000 


22 





0x20000000 


External Memory 
(cachable) 


22 








1 ie a 


Memory layout varies with such factors as 
model and pin specifications. For further 
details, refer to the documentation for the 


particular device. 
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Addressing Modes 


The addressing modes available consist of the following six most heavily used by C compilers. 


1. Register direct 

2. Immediate value 

3. Register indirect 

4. Register relative indirect 
5. Absolute 


6. Register indirect with indexing 


Data transfer instructions offer all six addressing modes: register direct, immediate, register indirect, register 


relative indirect, absolute, and register indirect with indexing. 


Register arithmetic instructions offer only two addressing modes: register direct and absolute. 


Register indirect addressing with indexing is for more efficient access to arrays and the like. 
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Addressing Mode 


Address Calculation 


Final Address 





Register direct 


Dm/Dn 
Am/An 
SP/PSW/MDR 





Immediate 


imm8/regs 
imm16 
imm24 
imm32 
imm40 
imm48 





Register indirect 


(am)/(An) 


31 





Am/An 





31 0 





(32-bit address) 








Register relative indirect 


'(d8,Am)/(d8,An) 

:d8 sigm-extended 
(d16,Am)/(d16,An) 
:d16 sign-extended 
(d32,Am)/(d32,An) 


31 





Am/An 





31 


=a 


31 0 











(32-bit address) 





I 





15 7 





d32/d6/d8 





| (Branch instructions 
only) 

'(d8,PC) 

:d8 sign-extended 
'(d16,PC) 

:d16 sign-extended 
(d32,PC) 


31 








PC 








31 


31 0 











(32-bit address) 





+ 4 


15 vA 





d32/d16/d8 








,(d8,PC) 

:d8 zero-extended 
1(d16, SP) 

:d16 zero-extended 
'(d32, SP) 





31 





SP 





31 


+ 


31 


o! 











(32-bit address) 





A 





15 t 





d32/d16/d8 








Absolute 


(abs16) 
:abs16 zero-extended 
(abs32) 


31 








abs16/abs32 








31 0 








(32-bit address) 














Register indirect with indexing 


(di,Am)/(Di,An) 





31 








Am/An 








31 





31 0 











(32-bit address) 





r 





Di 

















C 


The suffixes m, n, and i indicate the source, destination, and index registers, respectively. 
All three have the range 0 to 3. 
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5.1 Register Direct Addressing 


Register direct addressing specifies an operand as the name of a register from the following list. 


Dn/Dm_ (32-bit) Data register 

An/Am = (32-bit) Address register 

SP (32-bit) Stack Pointer 

PSW (16-bit) Processor Status Word 
MDR (32-bit) Multiply/Divide Register 


5.2 Immediate Addressing 


Immediate addressing specifies an operand as a value incorporated as is into the instruction code. Examples 
include numbers for loading into registers, masks, and multiregister specifications (regs) for transfers to and 
from the stack. 

These operands are abbreviated to imm8, imm16, imm24, imm32, imm40, and imm48, where the numeric 


suffix indicates the size in bits. 


The abbreviation regs denotes an 8-bit immediate value containing five bits specifying the registers D2, D3, 


A2, and A3 individually and seven other registers as a group. 


7 0 











D2 | D3 | As | A3 jother | : | : | : 





other : D0, D1,A0,A1, MDR, LIR, and LAR 


- : Reserved (always set to 0) 


5.3 Register Indirect Addressing 


Register indirect addressing, (An) or (Am), specifies an address operand as the contents of a 32-bit address 


register. 


Operand format: (An) or (Am) 
An/Am 
31 0 
| 
32-bit value used as memory address 
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5.4 Register Relative Indirect Addressing 


Register relative indirect addressing specifies an address operand as the sum of a displacement and a base 
address in an address register (An or Am), the Program Counter (PC), or Stack Pointer (SP). Displacements 
can be 8, 16, or 32 bits wide. 

Short (8- or 16-bit) displacements are zero-extended for the base register Stack Pointer (SP) and sign- 
extended for the others (An, Am, and PC). 


Operand formats: (d8, An) or (d8, Am) :d8 sign-extended 
(d16, An) or (d16, Am) :d16 sign-extended 
(d32, An) or (d32, Am) 
(d8, PC) :d8 sign-extended 
(d16, PC) :d16 sign-extended 
(d32, PC) : 
(d8, SP) :d8 zero-extended 
(d16, SP) :d16 zero-extended 
(d32, SP) 





An/Am 
+ 
d8/d16/d32 








PC 
+ 
d8/d16/d32 








SP 
+ 
d8/d16/d32 














32-bit value used as memory address 





The result of adding the displacement to the base register An, Am, or 


C ASO PC must be in the same memory address space as the address in the 


base register. 





Any overflow arising during addition to the Program Counter (PC) is ignored. The 
C effective address is the lowest 32 bits of the result. 
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5.5 Absolute Addressing 


Absolute addressing specifies an address operand as a 16- or 32-bit value incorporated as is into the instruc- 


tion code. 


A 16-bit operand is zero-extended to 32 bits. 








Operand formats: (abs16) :16-bit absolute address 
(abs32) :32-bit absolute address 
zero extension abs16 

31 16 15 0 
abs32 
31 0 











32-bit value used as memory address 


5.6 Register Indirect Addressing with Indexing 


Register indirect addressing with indexing specifies an address operand as the sum of a base address in an 


address register (An or Am) and an index in a data register (Di). 
Operand format: (Di, An) or (Di, Am) 


Am/An 
+ 
Di 
31 0 








32-bit value used as memory address 





The result of adding the index to the base register (An or Am) must be 


ANSO in the same memory address space as the address in the base 


register. 


(ma 
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Instruction Formats 


There are 11 instruction formats. 


Format SO 


Format S1 


Format S2 


Format S4 


Format S6 


Format DO 


Format D1 


Format D2 


Format D3 


Format D4 


Format D5 
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8-bit 

—__ 
OP 
OP imms, d8 
OP imm16, d16 , abs16 
OP imm32, d32, abs32 
OP imm48 
OP OP 
OP OP imm8/d8 
OP OP imm16/d16/abs16 
OP OP imm24 
OP OP imm32/ d32/abs32 
OP OP imm40 











The normal pattern consists of one or two opcode bytes following by an immediate value, displacement, or 
absolute value that is 8, 16, or 32 bits long. Formats $2, $4, S6, D2, D3, and D5, however, can have two or 


more such operands. For simplicity, the above diagram combines them under the immediate value labels 


imm16, imm24, imm32, imm40, and imm48, where the numeric suffix indicates the size in bits. 


The following are the instructions affected. 


imm16: 


imm24 


RET 

RETF 
BTST 
BSET 
BCLR 
BTST 
BSET 
BCLR 


regs, imm8 
regs, imm8 
imm8, (d8, An) 
imm8, (d8, An) 
imm8, (d8, An) 
imm8, (abs16) 
imm8, (abs16) 
imm8, (abs16) 


imm32: CALL 
imm40: BTST 
BSET 
BCLR 
imm48: CALL 


(D16, PC), regs, imm8 
imm8, (abs32) 
imm8, (abs32) 
imm8, (abs32) 
(d32, PC), regs, imm8 





The assembler does not normally specify the two operands regs and immé8 for the RET, RETF, 
and CALL instructions directly. It uses an indirect approach, specifying them, at the subroutine 
entry point, in a directive subsequently resolved by the linker. For further details, refer to the 


Cross Assembler User's Manual. 
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6.1 Data Formats 


Processing uses four data types: bit, byte, half-word, and word. The last three can be either signed or unsigned. 
The sign bit is the most significant one (MSB) for the data size. 

Alignment restrictions apply. The storage address for a word data item must have '00' in its lowest two bits- 
-that is, must be a multiple of four. Similarly, that for a half-word data item must have '0' in its lowest bit-- 


that is, must be a multiple of two. 





(1) Bit data 
(2) Byte data 

unsigned 8-bit data 

signed 8-bit data (sign in bit 7) (signed:MSB) 
(3) Half-word data 

unsigned 16-bit data 

signed 16-bit data (sign in bit 15) (signed: MSB) 
(4) Word data 

unsigned 32-bit data 

signed 32-bit data (sign in bit 31) (signed: MSB) 























LSB 
[TT TT I [LTT TTI 
































Bit number 





address in memory 








Upper half word Lower half word 





word data 
highest byte lowest byte 


half word data highest byte lowest byte 














byte data 
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6.2 Byte Order 


Byte order is little endian: the bytes making up a 16- or 32-bit immediate value, displacement, or absolute 
value (imm16, d16, abs16, imm32, d32, or abs32) are stored from least significant byte to most as addresses 


increase. 


[Example] 
Little endian order stores the four bytes in the 32-bit immediate value 0x01234567 in the following order. 














Address n 0x67 
Address n+1 0x45 
Address n+2 0x23 
Address n+3 Ox01 











The formats with two or more operands (S2, S4, S6, D2, D3, and D5) maintain little endian order for their 
16- or 32-bit immediate values and displacements (d16, abs16, d32, and abs32), but the order of the operands 
making up the fields abbreviated to imm16, imm24, imm32, imm40, and imm48 varies with the instruction. 
RET/RETF regs, imm8 
Address n RET/RETF  |__sa.... RET or RETF Opecode 
Address n+1 regs 
Address n+2 imm8s 




















BTST/BSET/BCLR imm8, (d8, An) 
Address n BTST/BSET/BCLR| __..... BTST, BSET or BCLR Opecode 











Address n+1 
Address n+2 d8& 
Address n+3 imms 











BTST/BSET/BCLR immé8, (abs16) 
Address n BTST/BSET/BCLR  __ .....BTST, BSET or BCLR Opecode 








Address n+1 
Address n+2 abs16 
Address n+3 
Address n+4 imms 
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CALL (d16, PC), regs, imm8s 


Address n 

Address n+1 
Address n+2 
Address n+3 
Address n+4 





CALL 





d16 





regs 








imms 








BTST/BSET/BCLR imm8, (abs32) 


Address n 

Address n+1 
Address n+2 
Address n+3 
Address n+4 
Address n+5 
Address n+6 


CALL (d32, PC), regs, imm8s 


Instruction Formats 


Address n 

Address n+1 
Address n+2 
Address n+3 
Address n+4 
Address n+5 
Address n+6 





BTST/BSET/BCLR 





abs32 








imms 











CALL 





d32 





regs 








imms 





ee CALL Opecode 


setts BTST, BSET or BCLR Opecode 


ate CALL Opecode 


Instruction Specifications 





Chapter 2 


Instruction Specifications 


Symbol Definitions 


Hi Following is the list of symbols used in the instruction specifications. 


Reg 

Am, An 
Dm, Dn,Di 
MDR 

PSW 

PC 

SP 

LIR 

LAR 
{MDR,Dn} 


imm 
imms 
imm16 
imm32 
d8 

dl6 
d32 
abs 16 
abs32 
() 


regs 
Ox.... 
-bpn 
sb 


-msb 


<<n 
>>n 


(sign_ext) 
(zero_ext) 
label 

VF 

CF 

NF 

ZF 


temp 
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‘register (used for general meaning) 
:address register (m, n=3 to 0) 

:data register (m, n, i=3 to 0) 
:multiply/divide register 

‘processor status word 

:program counter 

:stack pointer 

:loop instruction register 

sloop address register 

:64-bit data defined whose upper 32-bit in MDR and lower 32-bit in register Dn within a "{ }". 
:memory (used for general meaning) 


:immediate value (used for general meaning) 


:8-bit immediate value 
:16-bit immediate value 
:32-bit immediate value 
:8-bit displacement 
:16-bit displacement 
:32-bit displacement 
:16-bit absolute 

:32-bit absolute 


indirect addressing 


Refer to "Chapter | section 5, Addressing Mode" for details. 


:multiple registers specification 

shexadecimal notation(the numbers following Ox are expressed in hexadecimal notation.) 
:bit location ("n" means location of bit; 0 to 31) 
:bit location (bit 0) 

:bit location (bit 31) 

logical AND 

logical OR 

:exclusive OR 

:bit inverted 

:n-bit shift left 

:n-bit shift right 

:move 

:teflection of operation result 

:sign-extend 

:zero-extend 

:address 

overflow flag 

:carry flag 

mnagative flag 

:zero flag 


:temporary register 
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mem8(xxx) :8-bit data in memory specified with xxx 
mem16(xxx) :16-bit data in memory specified with xxx 
mem32(xxx) :32-bit data in memory specified with xxx 


CodeSize :code size of assembler mnemonic 


Hi Following is the list of symbols used in flag changes. 
("flag" is a general term of lower 4-bit(V, C, N, Z) of PSW. 


td ‘flag changes 

- :no flag change 

0 ‘flag is always "0" 
1 ‘flag is always "0" 
9 


:flag change undefined 


:change by user defined 


@ "Cycles" will be changed by status of pipeline or memory space to access. 
"Cycles" written in this chapter are calculated on the following conditions; 
(1) No pipleline installation 
(2) Instruction fetch: 2 cycles, data load/store: 1 cycle 
(ROM/RAM/flash build-in products: 
Instructions: accessing internal instruction ROM space or internal instruction RAM space 
Data: accessomg internal data RAM space 
Cache build-in products: 


Instructions/data: when accessing cachable area, cache is always hit. 


Refer to "Chapter 3, Using Instructions" for influence by pipleline installation, LSI Manual of each product for 
cycle changes in memory space. 


i Symbols for Notation 
Each microcomputer core has different notations. Therefore, each notation is written with each microcomputer 


core mark in this manual. The microcomputer core marks are as followings; 
Notice for AM30 core 
Notice for AM31 core 


Notice for AM32 core 


696 
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MOV... 


MOV Regi,Reg2 


Operation Regi—Reg2 


Moves the contents of the register(Reg1) to the register(Reg2). Not 


moves to the same register. 


Assembler mnemonic 


Dm,Dn Dm=Dn cannot be specified 
Dm,An 

Am,Dn 

Am,An Am=An cannot be specified 
SP,An 

Am,SP 

PSW,Dn Zero-extends the upper 16 bits 
Dm,PSW Omits the upper 16 bits 
MDR,Dn 

Dm,MDR 


=e 















































MO ]M {PM {PM MH J+ ]— [HM |P 


Flag Changes 





Other than mov Dm,PSW 
VF: No Changes. 
CF: No Changes. 
NF: No Changes. 
ZF: No Changes. 

mov Dm,PSW 
VF: Reflects the 3rd bit of Dm. 
CF: Reflects the 2nd bit of Dm. 
NF: Reflects the 1st bit of Dm. 
ZF: Reflects the zero bit of Dm. 





PSW-update by mov Dm,PSW instruction can be delayed for two instructions at most. 
1 Especially at interrupting affected by IE bit or IM field, note that the instruction during updating will be executed in the status before/after updaiing. 
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MOV Mem,Reg 


Operation Mem—Reg 
Word-data-moves the contents of the memory(Mem) to the register(Reg). 


Assembler mnemonic 





mov (Am),Dn 
d8,Am),Dn d8 is sign-extended 





d16,Am),Dn d16 is sign-extended 





d32,Am),Dn 





d8,SP),Dn d8 is zero-extended 





d16,SP),Dn d16 is zero-extended 





d32,SP),Dn 





Di,Am),Dn 





abs16),Dn abs16 is zero-extended 





abs32),Dn 





Am),An 





d8,Am),An d8 is sign-exended 
d16,Am),An d16 is sign-extended 





d32,Am),An 





d8,SP),An d8 is zero-extended 





d16,SP),An d16 is zero-extended 





d32,SP),An 





Di,Am),An 





abs16),An abs16 is zero-extended 





abs32), 




















1 
1 
2 
1 
1 
2 
1 
1 
2 
1 
1 
1 
2 
1 
1 
2 
1 
1 
2 
1 


An 
d8,Am),SP d8 is sign-extended 
Flag Changes 





VF: No Changes. 
CF: No Changes. 
NF: No Changes. 
ZF: No Changes. 





< The operation of the memory(Mem) address other than multiple of four is not guaranteed. 


| In register-relative indirect addressing mode or index decoration register indirect addressing mode, when the 
1. address specified by based register(Am,SP) and the address derived from address caluculation are not in the same 


memory space, one cycle will be added. 


1 In register-relative indirect addressing mode or index decoration register indirect addressing 
: mode, the address specified by based register(Am,SP) and the address derived from address 


calculation must be in the same memory space. 


MOV 27 


Chapter 2 Instruction Specifications 


MOV Reg,Mem 


Operation Reg1—Mem 
Word-data-moves the contents of the memory(Mem) to the register(Reg). 


Assembler mnemonic 

mov Dm,(An) 

m,(d8,An) d8 is sign-extended 
m,(d16,An) d16 is sign-extended 
m,(d32,An) 

m,(d8,SP) d8 is zero-extended 
m,(d16,SP) d16 is zero-extended 
m,(d32,SP) 

Di,An) 


oO 
K 
a 
@O 
o 





=e 





mov 





mov 





mov 





mov 





mov 





mov 





mov 





mov Dm,(abs16) abs16 is zero-extended 
abs32) 


m,( 
m,( 
m,( 
m,( 
m,( 
m,( 
m,( 
m,( 
m,( 
mov Am,(An) 
m,( 
m,( 
m,( 
m,( 
m,( 
m,( 
m,( 
m,( 
m,( 





mov 








mov Am,(d8,An) d8 is sign-extended 
m,(d16,An) d16 is sign-extended 
m,(d32,An) 

m,(d8,SP) d8 is zero-extended 
m,(d16,SP) d16 is zero-extended 
m,(d32,SP) 

Di,An) 

m,(abs16) abs16 is zero-extended 
mov abs32) 


mov Se abaAn d8 is sign-extended 





mov 





mov 





mov 





mov 





mov 





mov 





mov 


























WOIDIHRIMIDIHIM D/H [OM ID /}/O/M |MI/H |M | @ |H Jo |= 
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Flag Changes 





VF: No Changes. 
CF: No Changes. 
NF: No Changes. 
ZF: No Changes. 





C The operation of the memory(Mem) address other than multiple of four is not guaranteed. 


In register-relative indirect addressing mode or index decoration register indirect addressing mode, when the 
1 address specified by based register(An,SP) and the address derived from address caluculation are not in the same 


memory space, one cycle will be added. 


In register-relative indirect addressing mode or index decoration register indirect addressing 
C wr mode, the address specified by based register(An,SP) and the address derived from address 
a: 


calculation must be in the same memory space. 
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MOV imm,Reg 


Operation imm—Reg 
Moves the contents of the immediate value(imm) to the register(Reg). 


Assembler mnemonic Notes 
mov immés,Dn imm8 issign-extended 


imm16,Dn imm16 is sign-extended 
imm32,Dn 
imms,An imm8 is zero-extended 














imm16,An imm16 is zero-extended 
imm32,An 























Flag Changes 





VF: No Changes. 
CF: No Changes. 
NF: No Changes. 
ZF: No Changes. 
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M O \ B U Zero-extend Byte Move 


MOVBU Mem,Reg 


Operation Mem-—>Reg 


Byte-data-moves the contents of the memory(Mem) to the register(Reg) 
(8 bits—>32 bits; zero-extended) 


Assembler mnemonic 


movbu (Am),Dn 

(d8,Am),Dn d8 is sign-extended 

(d16,Am),Dn d16 is sign-extended 

(d32,Am),Dn 

movbu (d8,SP),Dn d8 is zero-extended 

movbu (d16,SP),Dn d16 zero-extended 
( 
( 
( 
( 


=e 





movbu 





movbu 





movbu 











movbu (d32 _— Dn 
Di,Am),D 
abs16),Dn abs16 zero-extended 


abs32),Dn 





movbu 





movbu 























D}WIM ID | HR /W!®D | {oo 
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movbu 


Flag Changes 





VF: No Changes. 
CF: No Changes. 
NF: No Changes. 
ZF: No Changes. 





\ In register-relative indirect addressing mode or index decoration register indirect addressing mode, when the 
7 address specified by based register(Am,SP) and the address derived from address caluculation are not in the same 


memory space, one cycle will be added. 


In register-relative indirect addressing mode or index decoration register indirect addressing 
| mode, the address specified by based register(Am,SP) and the address derived from address 
Ld 


calculation must be in the same memory space. 
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MOVBU Reg,Mem 


Operation Reg>Mem 


Byte-moves the contents of the register(Reg) to the memory(Mem). 
(32 bits— 8bits: Omit the upper) 


Notes VICIN|Z 


Dm,(An) 
d8,An) d8 is sign-extended 
(d16,An) d16 is sign-extended 
d32,An) 
d8,SP) d8 is zero-extended 




















d32,SP) 

Di,An) 

abs16) abs16 zero-extended 
abs32) 


























Dm,( 
Dm,( 
Dm,( 
Dm,( 
Dm,(d16,SP) d16 zero-extended 
Dm,( 
Dm,( 
Dm,( 
Dm,( 


DIWIM [D/H }O [MD | | 
Ph /—4 |p |r [a J] [pw Ja fa 


Flag Changes 





VF: No Changes. 
CF: No Changes. 
NF: No Changes. 
ZF: No Changes. 





In register-relative indirect addressing mode or index decoration register indirect addressing mode, when the 
| address specified by based register(Am,SP) and the address derived from address caluculation are not in the same 
LI 


memory space, one cycle will be added. 


In register-relative indirect addressing mode or index decoration register indirect addressing 
C mode, the address specified by based register(An,SP) and the address derived from address 
Ld 


calculation must be in the same memory space. 
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M O y B Sign-extend Byte Move 


[combination of multiple instructions] 


Operation Mem-—>Reg 


Byte-data-moves the contents of the memory(Mem) to the register(Reg). 
(8 bits—32bits: sign-extended) 


ize |Cycles 
(Am),Dn 
d8,Am),Dn d8 is sign-extended 
d16,Am),Dn d16 is sign-extended 
d32,Am),D 
d8,SP),Dn d8 is zero-extended 


oo 
ine) 




















d32 _— Dn 

Di,Am),D 

abs16),Dn abs16 is zero-extended 
abs32),Dn 





























N [RK lolNiao fa [Nia [a 
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( 
( 
( 
( 
(d16,SP),Dn d16 is zero-extended 
( 
( 
( 
( 


Flag Changes 





VF: No Changes. 
CF: No Changes. 
NF: No Changes. 
ZF: No Changes. 





1 This instruction is executed with the combination of multiple instructions and the assembler generates the following 
Li 


instructions. 
MOVBU Mem, Reg 
EXTB Reg 


1 The numbers of Size and Cycles contain those of the multiple instructions mentioned above. For the optimaization of 
s assembler, the location within the multiple instructions may change the number of Cycles. Refer to "Chapter 3 Using the 


Instructions" for details. 


In register-relative indirect addressing mode or index decoration register indirect addressing mode, when the 
a address specified by based register(Am,SP) and the address derived from address caluculation are not in the same 
td 


memory space, one cycle will be added. 


In register-relative indirect addressing mode or index decoration register indirect addressing 
C mode, the address specified by based register(Am,SP) and the address derived from address 
a 


calculation must be in the same memory space. 
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MOVB Reg,Mem 


R M 
Operation Rita 


Byte-data-moves the contents of the register(Reg) to thememory(Mem) . 
(32 bits— 8bits: Omit the upper) 


Notes V|C|N/Z| sign |cycle 
—|—|-|-| 2 


Dm,(An) 


=e 





d8,An) d8 is sign-extended 
,(d16,An) d16 is sign-extended 
d32,An) 
,(d8,SP) d8 is zero-extended 

















d32,SP) 
,(Di,An) 

abs16) abs16 is zero-extended 
,(abs32) 


























Dm,( 
Dm,( 
Dm,( 
Dm,( 
Dm,(d16,SP) d16 is zero-extended 
Dm,( 
Dm,( 
Dm,( 
Dm,( 


D/WIM [D/H }O [mM | | o 
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Flag Changes 





VF: No Changes. 
CF: No Changes. 
NF: No Changes. 
ZF: No Changes. 





| This instruction is executed by overwriting the instructions and the assembler generates the following instructions. 
7 MOVBU Reg, Mem 


(] The numbers of Size and Cycles are those of the instructions mentioned above. 
. 


In register-relative indirect addressing mode or index decoration register indirect addressing mode, when the 
< address specified by based register(An,SP) and the address derived from address caluculation are not in the same 
a 


memory space, one cycle will be added. 


In register-relative indirect addressing mode or index decoration register indirect addressing 
C mode, the address specified by based register(An,SP) and the address derived from address 


calculation must be in the same memory space. 
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M O | H U Zero-extend Half Word Move 


MOVHU Mem,Reg 


Operation Mem-—Reg 


Half-word-moves the contents of the memory(Mem) to the register(Reg). 
(16 bits—35bits: zero-extended) 


Assembler mnemonic 


(Am),Dn 


=e 





d8,Am),Dn d8 is sign-extended 





d16,Am),D d16 is sign-extended 





d32,Am),Dn 





d8,SP),Dn d8 is zero-extended 








d32 SPP Dn 





Di,Am),D 





abs16),Dn abs16 is zero-extended 
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( 
( 
( 
( 
(d16,SP),Dn d16 is zero-extended 
( 
( 
( 
( 


abs32),Dn 


Flag Changes 





: No Changes. 
: No Changes. 
: No Changes. 
: No Changes. 





C The operation of the memory(Mem) address other than multiple of two is not guaranteed. 
Ll 


In register-relative indirect addressing mode or index decoration register indirect addressing mode, when the 
(I address specified by based register(Am,SP) and the address derived from address caluculation are not in the same 
a 


memory space, one cycle will be added. 


In register-relative indirect addressing mode or index decoration register indirect addressing 
C mode, the address specified by based register(Am,SP) and the address derived from address 
Ld 


calculation must be in the same memory space. 
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MOVHU Reg,Mem 


Operation Reg—>Mem 


Half-word-moves the contents of the register(Reg) to the memory(Mem). 


(32 bits— 16bits: Omit the upper) 


Notes VICIN|Z 


Dm,(An) 
d8,An) d8 is sign-extended _ 
(d16,An) d16 is sign-extended 
d32,An) 
d8,SP) d8 is zero-extended 




















d32,SP) 

Di,An) 

abs16) abs16 is zero-extended 
abs32) 
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Dm,( 
Dm,( 
Dm,( 
Dm,( 
Dm,(d16,SP) d16 is zero-extended 
Dm,( 
Dm,( 
Dm,( 
Dm,( 


Flag Changes 





VF: No Changes. 
CF: No Changes. 
NF: No Changes. 
ZF: No Changes. 





(I The operation of the memory(Mem) address other than multiple of two is not guaranteed. 


In register-relative indirect addressing mode or index decoration register indirect addressing mode, when the 
< address specified by based register(An,SP) and the address derived from address caluculation are not in the same 
: 


memory space, one cycle will be added. 


In register-relative indirect addressing mode or index decoration register indirect addressing 
| mode, the address specified by based register(An,SP) and the address derived from address 


calculation must be in the same memory space. 
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MO | H Sign-extend Half Word Move 


[Combination of Multiple Instructions] 


Operation Mem-—Reg 


Half-word-moves the contents of the memory(Mem) to the register(Reg). 
(16 bits 32bits: sign-extended) 


Assembler mnemonic 


(Am),Dn 


o 





d8,Am),Dn d8 is sign-extended 





d16,Am),Dn d16 is sign-extended 





d32,Am),D 





d8,SP),Dn d8 is zero-extended 








d32 eae Dn 





Di,Am),D 





abs16),Dn abs16 is zero-extended 























( 
( 
( 
( 
(d16,SP),Dn d16 is zero-extended 
( 
( 
( 
( 
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abs32),Dn 


Flag Changes 





VF: No Changes. 
CF: No Changes. 
NF: No Changes. 
ZF: No Changes. 





The operation of the memory(Mem) address other than multiple of two is not guaranteed. 


Km 


This instruction is executed with the combination of multiple instructions and the assembler generates the following 


(ma 


instructions. 
MOVHU Mem, Reg 
EXTH Reg 


C The numbers of Size and Cycles contain those of the multiple instructions mentioned above. For the optimaization of 
* assembler, the location within the multiple instructions may change the number of Cycles. Refer to "Chapter 3. Using the 


Instructions" for details. 
In register-relative indirect addressing mode or index decoration register indirect addressing mode, when the 


C ior address specified by based register(Am,SP) and the address derived from address caluculation are not in the same 


memory space, one cycle will be added. 


In register-relative indirect addressing mode or index decoration register indirect addressing 
| mode, the address specified by based register(Am,SP) and the address derived from address 


calculation must be in the same memory space. 


36 MOVH 


Chapter 2 Instruction Specifications 


Operation Reg—>Mem 


Half-word-moves the contents of the register(Reg) to the memory(Mem). 
(32 bits 16 bits: Omit the upper) 


Dm,(An) a eed (ee 
d8,An) d8 is sign-extended 
(d16,An) d16 is sign-extended 
d32,An) 
d8,SP) d8 is zero-extended 


Po 
= 




















d32,SP) 

Di,An) 

abs16) abs16 is zero-extended 
abs32) 


























D)/WlM/ O/H }/W)@M!/H |] 
Ppol—}]rplpo]/—}]— {po fafa 


Dm,( 
Dm,( 
Dm,( 
Dm,( 
Dm,(d16,SP) d16 is zero-extended 
Dm,( 
Dm,( 
Dm, ( 
Dm, ( 


Flag Changes 





VF: No Changes. 
CF: No Changes. 
NF: No Changes. 
ZF: No Changes. 





C The operation of the memory(Mem) address other than multiple of two is not guaranteed. 

td 
1 This instruction is executed by overwriting the instructions and the assembler generates the following instructions. 
a 


MOVHU Reg, mem 


C The numbers of Size and Cycles are those of the instructions mentioned above. 


In register-relative indirect addressing mode or index decoration register indirect addressing mode, when the 
1 AMS address specified by based register(An,SP) and the address derived from address caluculation are not in the same 


memory space, one cycle will be added. 


In register-relative indirect addressing mode or index decoration register indirect addressing 
C ir AST mode, the address specified by based register(An,SP) and the address derived from address 


calculation must be in the same memory space. 


MOVH 


Chapter 2 Instruction Specifications 


MO V MA wove Between Multiple Memory 


and Register 


MOVM_ (SP),regs 


Operation 


No "other" in the specified register; "Other" in the specified register; 

If regs = [Reg1,Reg2], If regs = [Reg1,Reg2,Reg3,Reg4,Reg5] 
(regs-specified registers=2) (regs-specified registers=1 1) 
mem32(SP+4)—reg1, mem32(SP+44)—D2,mem32(SP+40)—D3, 
mem32(SP)—reg2,SP+8--SP mem32(SP+36)—-A2,mem32(SP+32)—A3, 
) ( ) 
) 


( 
otrset rom sp MEM32(SP+28)—-DO,mem32(SP+24)—=D1, 
before execution=-—ag sor" mem32(SP+20)->A0,mem32(SP+16)—>At, 
( 
( 


address lower 





eget +4 mem32(SP+12)--+MDR,mem32(SP+8)—LIR, 
mem32(SP+4)—-LAR,SP+48--SP 


returned order Off-set from SP 


SP after execution 














address upper : 
PP address lower before execution 


SP before execution dummy area (-) 0 

LAR (11) +4 
LIR (10) +8 
MDR (9) +12 
specified with SP to the multiple (8) +16 
, (7) +20 
registers. DI (6) 424 
The "regs" specifies the multiple (5) +28 
F . . E (4) +32 
registers to move data and it can specify (3) 436 
each D2,D3, A2, A3 and the other o ~ 
registers(DO, D1, AO, Al, MDR, LIR, SP after execution +48 


LAR). 














Block-moves from the memory 
































Assembler mnemonic Notes 
movm (SP),[Reg1,..,Regn] |Block-moves from memory to multiple registers 


(regs-specified registers= 0 ) 
regs-specified registers = 1 ) 
regs-specified registers= 2 ) 
regs-specified registers = 3 ) 
regs-specified registers = 4 ) 
regs-specified registers = 7 ) 
regs-specified registers = 8 ) 
regs-specified registers = 9 ) 
regs-specified registers= 10 ) 

(regs-specified registers= 11 ) 

Flag Changes 





















































VF: No Changes. 
CF: No Changes. 
NF: No Changes. 
ZF: No Changes. 





C The register(any of D2,D3,A2, A3 or other) specified by the assembler is separatedwith comma(,) for each and parenthsize with 


([ ]). However, you can not specifiy the same register twice or more. 


No order to speify the registers by the assembler, however, the order of the registers to be returned is fixed as D2, D3, A2, A3, 
1 other(DO, D1, AO, Al, MDR, LIR, LAR). (Non-specified registers will be skipped.) If specifying "other", 4 byte of dummy 
area will be stored at last to simplify of move area calculation(4 byte x 8). (No moving operation.) If not specifying "other", 


no dummy area will be stored. 


< Refer to "Appendix : Instruction set" for operating expressions of each register specified with "regs". 
a: 


38 MOVM 


Chapter 2 Instruction Specifications 


MOVM_§egs,(SP) 


Operation No "other" in the specified register; "Other" in the specified register; 


If regs = [Reg1,Reg2], If regs = [Reg1,Reg2,Reg3,Reg4,Reg5] 
(regs-specified registers=2) (regs-specified registers=11) 
regi >mem32(SP-4), D2—mem32(SP-4),D3—mem32(SP-8), 
reg2—mem32(SP-8),SP-8>SP A2—mem32(SP-12),A838—mem32(SP-16), 
Off-set from SP DO—mem32(SP-20),D1-mem32(SP-24), 
before execution 
Si aiteh axnouons rege (2) “8 A0-—mem32(SP-28),A1>mem32(SP-32), 
reg oy Py MDR-—mem32(SP-36),LIR->mem32(SP-40), 
SP before execution—| 0 
LAR->mem32(SP-44),SP-48-SP 


address upper Off-set from SP 
PP address lower saved order 


address lower faved order 




















before execution 
SP after execution] dummy area (-) -48 
LAR (11) -44 


, : LIR (10) -40 
Block-moves from the multiple registers MDR (9) -36 


-32 














to the memory specified with SP. Al (8) 





sas : AO (7) -28 
The "regs" specifies the multiple D1 (6) -24 


registers to move data and it can specify De 3 ae 














each D2,D3, A2, A3 and the other -12 


registers(DO, D1, AO, Al, MDR, LIR, b+ 


LAR). SP before execution—> 

















address upper 


Assembler mnemonic Notes 
movm [Reg1,..,Regn],(SP) |Block-move from multiple registers to memory 


(regs-specified register = 0 ) 
regs-specified register = 1 ) 
regs-specified registers = 2 ) 
regs-specified registers = 3 ) 
regs-specified registers= 4 ) 
regs-specified registers= 7 ) 
regs-specified registers= 8 ) 























regs-specified registers = 9 ) 

regs-specified registers = 10 ) 

(regs-specified registers = 11 ) 
Flag Changes 


























Mh 1M {PM {PM [PM JP [PP [PY | P 





VF: No Changes. 
CF: No Changes. 
NF: No Changes. 
ZF: No Changes. 





C The register(any of D2,D3,A2, A3 or other) specified by the assembler is separatedwith comma(,) for each and parenthsize with 
a 


([ ]). However, you can not specifiy the same register twice or more. 


1 No order to speify the registers by the assembler, however, the order of the registers to be returned is fixed as D2, D3, A2, A3, 
5 other(DO, DI, AO, Al, MDR, LIR, LAR). (Non-specified registers will be skipped.) If specifying "other", 4 byte of dummy 
area will be stored at last to simplify of move area calculation(4 byte x 8). (No moving operation.) If not specifying "other", 


no dummy area will be stored. 


C Refer to "Appendix : Instruction set" for operating expressions of each specified register. 
MOVM 39 


Chapter 2 Instruction Specifications 


E xX T Sign-extend Word Data to 64 Bits 


If Dn.bp31= 0, 0x00000000->MDR 
If Dn.op31= 1, OxFFFFFFFF->MDR 


Sign-extends the value of register Dn to 64 bits and moves the extended upper 32 bits to MDR. 


Operation 


No changes for the contents of Dn register. 





Assembler mnemonic Notes VICIN/Z| Size |Cycles 
ext Dn ee ee ee ee 2 1 


Flag Changes 





VF: Nochanges 
CF: No changes 
NF: No changes 
ZF: No changes 





40 EXT 


Chapter 2 Instruction Specifications 


E xX T Bb Sign-extend Byte Data to 32 Bits 


EXTB Dn 


Operation If Dn.bp7 = 0,Dn & Ox000000FF—Dn 
If Dn.bp7 = 1,Dn | OxFFFFFFOO—Dn 


Sign-extends the lower 8 bits of register Dn to 32 bits and stores in register Dn. 





Assembler mnemonic Notes VICIN| Z| Size |Cycles 
extb Dn oe | ae 


Flag Changes 





VF: Nochanges 
CF: No changes 
NF: No changes 
ZF: No changes 





extap. 41 


Chapter 2 Instruction Specifications 


E X T B U Zero-extend Byte Data to 32 Bits 


EXTBU Dn 


Operation Dn & Ox000000FF—Dn 


Zero-extends the lower 8 bits of regiser Dn to 32 bits and stores in register Dn. 





Assembler mnemonic Notes VICIN|Z | Size | Cycles 
extbu Dn |= | |= 1 1 


Flag Changes 





VF: Nochanges 
CF: No changes 
NF: No changes 
ZF: No changes 





42 EXTBU 


Chapter 2 Instruction Specifications 


EXTH Sign-extend Half Word Data to 32 Bits 


EXTH Dn 


Operation If Dn.bp15 = 0, Dn & OxO000FFFF->Dn 


If Dn.bp15 = 1, Dn | OxFFFFOO000—Dn 


Sign-extends the lower 16 bits of register Dn to 32 bits and stores in register Dn. 





Assembler mnemonic Notes VICIN|/Z | Size |Cycles 
exth Dn eee ee |e es 


Flag Changes 





VF: Nochanges 
CF: No changes 
NF: No changes 
ZF: No changes 
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Chapter 2 Instruction Specifications 


EK X T H U Zero-extend Half Word Data to 32 Bits 


EXTHU Dn 


Operation Dn&0Ox0000FFFF->Dn 


Zero-extends the lower 16 bits of register Dn to 32 bits and stores in register Dn. 





Assembler mnemonic Notes VICIN/ Z| Size | Cycles 
exthu_Dn a es 1 1 


Flag Changes 





VF: Nochanges 
CF: No changes 
NF: No changes 
ZF: No changes 





44 EXTHU 


Chapter 2 Instruction Specifications 


Data Clear 


Operation 0—Dn 


Clears the contents of register Dn. 


Assembler mnemonic Size | Cycles 
clr Dn 


1 1 





Flag Changes 





VF: Always 0 
CF: Always 0 
NF: Always 0 
ZF: Always 1 





One instruction is delayed when updating PSW by flag-change. 
s However, Bec and Lec instructions can evaluate the flag before affecting the flag 


CLR 45 


Chapter 2 Instruction Specifications 


Addition 


ADD Reg1,Reg2 


Operation Regi+Reg2—Reg2 


Adds the contents of the register(Regl) and the register(Reg2) and stores the results in the 


register(Reg2). 


Assembler mnemonic 
add Dm,Dn 
add Dm,An 
add Am,Dn 
add Am,An 
































Flag Changes 





VF: 1 if an overflow is generated as 32 bits signed-numeric value; 0 otherwise. 
CF: 1 if a carry is generated from bit 31; 0 otherwise. 

NF: | if the bit 31 of the result is '1'; 0 otherwise. 

ZF: 1 if the result is '0'; 0 othewise. 





| Updating of PSW due to flag changes is delayed for one insturuction. 
= However, Bec and Lcc instructions can evaluate flag before reflecting to PSW. 


46 ADD 


Chapter 2 Instruction Specifications 


ADD imm,Reg 


Operation | imm+Reg—Reg 


Adds the immediate value(imm) and the contents of the register(Reg) and stores the result in the 


register(Reg). 


Assembler mnemonic Notes 
add imm8s,Dn imm8 is sign-extended. 








add imm16,Dn imm16 is sign-extended. 
add imm32,Dn 
add imm8,An imm8 is sign-extended. 











add imm16,An imm16 is sign-extended. 
add imm32,An 
add imm8,SP imm8 is sign-extended. 
add imm16,SP imm16 is sign-extended. 
add imm32,SP 





ee e\eee< 
@\/e/e\/e/e/e|0 
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Flag Change 





Other than add imm,SP 
VF: 1 if an overflow is generated as 32 bits signed numeric value; 0 otherwise. 
CF: 1 if a carry is generated from bit 31; 0 otherwise. 
NF: | if the bit 31 of the result is '1'; 0 otherwise. 
ZF: | if the result is '0'; 0 othewise. 
add imm,SP 
VF: No Changes. 
CF: No Changes. 
NF: No Changes. 
ZF: No Changes. 





< Updating of PSW due to flag changes is delayed for one insturuction. 


However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


ADD 47 


Chapter 2 Instruction Specifications 


ADD C Addition With Carry 


ADDC Dm,Dn 


Operation Dm+Dn+CF->Dn 


Adds the contents of register Dm including C flag and register Dn and stores the result in the register 





Dn. 
Assembler mnemonic VIiICIN|Z] Size |Cycles 
addc Dm,Dn eo, e\|e\|e 2 1 
Flag Changes 


VF: 1 if an overflow is generated as 32 bits signed-numeric value; 0 otherwise. 





CF: 1 if a carry is generated from bit 31; 0 otherwise. 
NF: | if the bit 31 of the result is '1'; 0 otherwise. 
ZF: 1 if the result is '0'; 0 othewise. 





C Updating of PSW due to flag changes is delayed for one insturuction. 
Ld 


However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


48  appc 


Chapter 2 Instruction Specifications 


S U B Subtraction 


SUB Regi,Reg2 


Operation Reg2-Reg1—Reg2 


Subtracts the contents of the register(Reg1) from the register(Reg2) and stores the result in the 
register(Reg2). 
Assembler mnemonic 
sub Dm,Dn 
sub Dm,An 
sub Am,Dn 
sub Am,An 





























Flag Changes 
VF: 1 if an overflow is generated as 32 bits signed-numeric value; 0 otherwise. 
CF: 1 if a carry is generated from bit 31; 0 otherwise. 
NF: | if the bit 31 of the result is '1'; 0 otherwise. 
ZF: | if the result is '0'; 0 othewise. 








1 Updating of PSW due to flag changes is delayed for one insturuction. 
« However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


SUB 49 


Chapter 2 Instruction Specifications 


SUB imm,Reg 


Operation Reg- imm-—>Reg 


Subtracts the immediate value from the register(Reg) and stores the result in the register(Reg). 


Assembler mnemonic 
sub imm32,Dn 
sub imm32,An 























Flag Changes 





VF: 1 if an overflow is generated as 32 bits signed-numeric value; 0 otherwise. 
CF: 1 if a carry is generated from bit 31; 0 otherwise. 

NF: | if the bit 31 of the result is '1'; 0 otherwise. 

ZF: | if the result is '0'; 0 othewise. 





< Updating of PSW due to flag changes is delayed for one insturuction. 
a 


However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


< Using add imm,Reg instruction may shrink the instruction code size. 


50 SUB 


Chapter 2 Instruction Specifications 


S UB C Subtraction With Borrow 


SUBC Dm,Dn 


Operation Dn-Dm-CF-Dn 


Subtracts the contents of register Dm including C flag from register Dn and stores the result in register 





Dn. 
Assembler mnemonic VICIN|Z] Size |Cycles 
subc Dm,Dn @,|e\|e|e 2 1 


Flag Changes 





VF: 1 if an overflow is generated as 32 bits signed-numeric value; 0 otherwise. 
CF: 1 if a carry is generated from bit 31; 0 otherwise. 

NF: | if the bit 31 of the result is '1'; 0 otherwise. 

ZF: 1 if the result is '0'; 0 othewise. 





Updating of PSW due to flag changes is delayed for one insturuction. 
< However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 
a 


SUBC 51 


Chapter 2 Instruction Specifications 


MUL Multiplication With Signed 


MUL Dm,Dn 


Operation (Dn*Dm)->{ MDR, Dn} 


Multiplicants the contents of register Dm(signed 32 bits integer: non-multiplier) and register 
Dn(signed 32 bits integer:multiplier) and stores the upper 32 bits of the result(64 bits) in MDR and the 
lower 32 bits in register Dn. 

The siginificant number of bytes from the LSB of the multiplier loaded to Dn before the operation is 
judged, and the operation is only performed for the range(byte unit) containing these significant 
values. In other words, the smaller the contents loaded to Dn, the faster operation results can be 


obtained. 
Assembler mnemonic Notes 
mul Dm,Dn Dn=0 
Value Dn can specify by 1-byte. 











Value Dn can specify by 2-byte. 





Value Dn can specify by 3-byte. 














@ @/e@|\@/@IN 








Value Dn can specify by 4-byte. 
Flag Changes 





VF: Undefined. 

CF: Undefined. 

NF: | if the bit 31 of the result of the lower 32-bit is 'l'; 0 otherwise. 
ZF: 1 if the lower 32-bit of the result is '0'; 0 otherwise. 





< Updating of PSW due to flag changes is delayed for one insturuction. 
a 


However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


i] Locating writing-instrucion to address register AO at one or two instructions preceding this instrucion is 
+ prohibited. Refer to "Chapter 3, 2. 5 Notes for location of MUL/MULU instruction following AO writing- 


instruction" for details. Some examples of prohibition are follows. 


(Examplel) A writing-instruction to register AO is located in one instruction preceding this instruction 
mov 0x80040900, a0 
mul dl, dO 


(Example2) A writing-instruction to register AO is located in two instructions preceding this instruction. 
mov 0x80040900, a0 
mov 0x0c, dO 
mul dl, dO 


(Example2) An instruction to write in register AO is located in one instruction preceding this instruction. 
inc a0 
mul dl, dO 


52 MUL 


Chapter 2 Instruction Specifications 


MUL U Multiplication Without Signed 


MULU Dm,Dn 


(Dn*Dm)—{ MDR, Dn} 


Operation 


Multiplicants the contents of register Dm(unsigned 32 bits integer: non-multiplier) and register 
Dn(unsigned 32 bits integer:multiplier) and stores the upper 32 bits of the result(64 bits) in MDR and 
the lower 32 bits in register Dn. 

The siginificant number of bytes from the LSB of the multiplier loaded to Dn before the operation is 
judged, and the operation is only performed for the range(byte unit) containing these significant 
values. In other words, the smaller the contents loaded to Dn, the faster operation results can be 


obtained. 


Assembler mnemonic Notes 
mulu Dm,Dn Dn=0 
Value Dn can specify by 1-byte. 
Value Dn can specify by 2-byte. 
Value Dn can specify by 3-byte. 
Value Dn can specify by 4-byte. 
Flag Changes 



































VF: Undefined. 

CF: Undefined. 

NF: | if the bit 31 of the result of the lower 32-bit is 'l'; 0 otherwise. 
ZF: 1 if the lower 32-bit of the result is '0'; 0 otherwise. 





Updating of PSW due to flag changes is delayed for one insturuction. 
< However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


Locating writing-instrucion to address register AO at one or two instructions preceding this instrucion is 
< prohibited. Refer to "Chapter 3, 2. 5 Notes for location of MUL/MULU instruction following AO writing- 
: 


instruction" for details. Some examples of prohibition are follows. 


(Examplel) A writing-instruction to register AO is located in one instruction preceding this instruction 
mov 0x80040900, a0 
mulu dl, dO 


(Example2) A writing-instruction to register AO is located in two instructions preceding this instruction. 
mov 0x80040900, a0 
mov  Ox0c, dO 
mulu dl, dO 


(Example2) An instruction to write in register AO is located in one instruction preceding this instruction. 


inc a0 
mulu~ dl, dO 


MULU 53 


Chapter 2 Instruction Specifications 


DI | Division with signed 


DIV Dm,Dn 


Operation ((MDR << 32)&0xFFFFFFFF00000000+Dn )/Dm—>Dn 
((MDR << 32)&0xFFFFFFFF00000000+Dn )%Dm—MDR 


Divides signed 64-bit interger combined with MDR(undivided upper 32-bit) and Dn 
register(undevided lower 32-bit) by the contents of register Dm(division of signed 32-bit interger) 
stores the remainder(32-bit) in MDR and the quotient(32-bit) in register Dn. If the quotient can not 
be specified as signed 32-bit value, V flag will be 'l' and MDR and register Dn will be undefined. 
When zero-division is performed(divisor=0), V flag will be '1'. 

The significant number of bytes from the LSB of the 64-bit dividend obtained by linking MDR and Dn 
before the operation is judged (none that MDR is judged in word units), and the operation is only 
performed for the range containing these significant values. In other words, the smaller the dividend 


obtained by linking MDR and Dn, the faster operation results can be obtained. 


Assembler mnemonic Notes 





div Dm,Dn Nomal performance | {MDR,Dn}=0 


ine) 





(The operation Value {MDR,Dn} can specify by 1-byte. 





performed normally) | Value {MDR,Dn} can specify by 2-byte. 





Value {MDR,Dn} can specify by 3-byte. 
Value {MDR,Dn} can specify by 4-byte or more. 





Divisor not specified {MDR,Dn}=0 





as signed value Value {MDR,Dn} can specify by 1-byte. 
or Value {MDR,Dn} can specify by 2-byte. 





zero-division Value {MDR,Dn} can specify by 3-byte. 





sf/af/alal/Aa;/olol/ojojol<— 
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Value {MDR,Dn} can specify by 4-byte or more. 
Flag Changes 





Nomal performance(the operation performed normally) 
VF: Always 0. 
CF: Undefined. 
NF: 1 if MSB of the divisor(32-bit) is 'l'. 0 otherwise. 
ZF: 1 if the divisor(32-bit) is '0'. 0 otherwise. 
Divisor not specified as signed value or zero-division performed. 
VF: Always 1. 
CF: Undefined. 
NF: Undefined. 
ZF: Undefined. 





< After the operation, if V flag is 'l', the other flog will be undefined. Also the divisor and the remainder will be undefined. 


Updating of PSW due to flag changes is delayed for one insturuction. 
= However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


54 DIV 


Chapter 2 Instruction Specifications 


DI | U Division without signed 


DIVU Dm,Dn 


Operation ((MDR<<32)&0xFFFFFFFF00000000+Dn )/Dm—Dn 
((MDR<<32)&0xFFFFFFFF00000000+Dn )%Dm—MDR 


Divides signed 64-bit interger combined with MDR(undivided upper 32-bit) and Dn 
register(undevided lower 32-bit) by the contents of register Dm(division of signed 32-bit interger) 
stores the remainder(32-bit) in MDR and the quotient(32-bit) in register Dn. If the quotient can not be 
specified as signed 32-bit value, V flag will be 'l' and MDR and register Dn will be undefined. When 
zero-division is performed(divisor=0), V flag will be '1'. 

The significant number of bytes from the LSB of the 64-bit dividend obtained by linking MDR and Dn 
before the operation is judged (none that MDR is judged in word units), and the operation is only 
performed for the range containing these significant values. In other words, the smaller the dividend 


obtained by linking MDR and Dn, the faster operation results can be obtained. 


Assembler mnemonic Notes 
divu Dm,Dn Nomal performance | {MDR,Dn}=0 
(The operation Value {MDR,Dn} can specify by 1-byte. 





ine) 





performed normally) | Value {MDR,Dn} can specify by 2-byte. 
Value {MDR,Dn} can specify by 3-byte. 








Value {MDR,Dn} can specify by 4-byte or more. 
Divisor not specified | {MDR,Dn}=0 
as signed value Value {MDR,Dn} can specify by 1-byte. 











or Value {MDR,Dn} can specify by 2-byte. 





zero-division Value {MDR,Dn} can specify by 3-byte. 





s)/]+)/]4]/A;/A;/oOl/O/Osojolj<— 
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Value {MDR,Dn} can specify by 4-byte or more. 
Flag Changes 


























Nomal performance(the operation performed normally) 
VF: Always 0. 
CF: Undefined. 
NF: 1 if MSB of the divisor(32-bit) is 'l'. 0 otherwise. 
ZF: 1 if the divisor(32-bit) is '0'. 0 otherwise. 


Divisor not specified as signed value or zero-division performed. 
VF: Always 1. 
CF: Undefined. 
NF: Undefined. 
ZF: Undefined. 





(I After the operation, if V flag is 'l', the other flog will be undefined. Also the divisor and the remainder will be undefined. 


(A Updating of PSW due to flag changes is delayed for one insturuction. 
Ld 


However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


DIVU. 55 


Chapter 2 Instruction Specifications 


1 Addition 


Operation Reg+1—Reg 


Adds '1' to the register(Reg) and stores the result in the register(Reg). 


Assembler mnemonic 
inc Dn 


























inc An 
Flag Changes 





inc Dn 
VF: 1 if a divisor overflows as 32-bit signed numerical value. 0 otherwise. 
CF: 1 if a carry is generated from bit 31. 0 otherwise. 
NF: 1 if bit 31 of the result is '1'. 0 otherwise. 


ZF: 1 if the operation result is '0'. 0 otherwise 


Other than inc Dn 
VF: No changes. 
CF: No changes. 
NF: No changes. 
ZF: No changes. 





Updating of PSW due to flag changes is delayed for one insturuction. 
= However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


56 Nc 


Chapter 2 Instruction Specifications 


INCE ccc 


INC4 An 


Operation An+4—An 


Adds '4' to register A4 and stores the result in register An. 





Assembler mnemonic 
inc4 An 


Flag Changes 





VF: No changes. 
CF: No changes. 
NF: No changes. 
ZF: No changes. 





INC4 57 


Chapter 2 Instruction Specifications 


Comparison 


CMP Reg1,Reg2 


Operation Reg2-Reg:PSW 


Subtracts the contents of the register(Reg1) from the register(Reg2) and reflects the result to the flag. 


Tha same register can not be specified. 


Assembler mnemonic Notes 





cmp Dm,Dn Dm=Dn cannot be specified 





cmp Dm,An 





cmp Am,Dn 























cmp Am,An Am=An cannot be specified 
Flag Changes 





VF: 1 if an overflows is generated as 32-bit signed numerical value. 0 otherwise. 
CF: 1 if a borrow is generated from bit 31. 0 otherwise. 
NF: 1 if bit 31 of the result is '1'. 0 otherwise. 


ZF: 1 if the operation result is '0'. 0 otherwise 





C Updating of PSW due to flag changes is delayed for one insturuction. 
a 


However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


CMP imm,Reg 


Operation Reg-imm:PSW 
Subtracts the immediate value from the register(Reg) and reflets the resutls to the flag. 


Assembler mnemonic Notes 
cmp imm8s,Dn imm8 is signed-extended 








cmp immi6,Dn imm16 is signed-extended 
imm32,Dn 
imms,An imm8 is zero-extended 








imm16,An imm16 is zero-extended 
imm32,An 























Flag Changes 





VF: 1 if an overflows is generated as 32-bit signed numerical value. 0 otherwise. 
CF: 1 if a borrow is generated from bit 31. 0 otherwise. 
NF: 1 if bit 31 of the result is '1'. 0 otherwise. 


ZF: 1 if the operation result is '0'. 0 otherwise 





1 Updating of PSW due to flag changes is delayed for one insturuction. 
= However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


58  cMP 


Chapter 2 Instruction Specifications 


AND cs 


AND Dm,Dn 


Operation Dm&Dn->Dn 


Performs a logical AND and stores the result in register Dn. 


Assembler mnemonic C|N| Z| Size |Cycles 
and Dm,Dn 0|e@/;@e@ 2 1 


Flag Changes 








VF: Always 0. 
CF: Always 0. 
NF: | if bit 31 of the result is 'l'. 0 otherwise. 


ZF: 1 if the operation result is '0'. 0 otherwise 





C Updating of PSW due to flag changes is delayed for one insturuction. 
a 


However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


AND imm,Dn 
Operation imm&Dn—Dn 


Performs a logical AND of the immediate value(imm) and register Dn and stores the result in 


register Dn. 


Assembler mnemonic Notes 





and imm8s,Dn immé8 is zero-extended 





and imm16,Dn imm16 is zero-extended 
and imm32,Dn 




















Flag Changes 


VF: Always 0. 
CF: Always 0. 
NF: | if bit 31 of the result is '1'. 0 otherwise. 


ZF: 1 if the operation result is '0'. 0 otherwise 





< Updating of PSW due to flag changes is delayed for one insturuction. 


However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


AND 59 


Chapter 2 Instruction Specifications 


AND imm,PSW 


Operation imm&PSW-PSW 


Performs a logical AND of the immediate value(imm) and stores the result. 


Assembler mnemonic Notes 
and imm16,PSW imm16 is zero-extended 
Flag Changes 








VF: Will be set to bit 3 of the result. 
CF: Will be set to bit 2 of the result. 
NF: Will be set to bit 1 of the result. 
ZF: Will be set to bit 0 of the result. 





Updating of PSW by and imm16, PSW is delayed for two instuructions at most. 
= Especially for interruption affected by IE bit or IM field, note that the instruction during updating will be executed in 


the status before/after updating. 


60 AND 


Chapter 2 Instruction Specifications 


Logical OR 


OR Dm,Dn 


Operation Dm|Dn-Dn 


Performs a logical OR of register Dm and register Dn and stores the result in register Dn. 


Assembler mnemonic VICIN| Z| Size | Cycles 
or Dm,Dn 0;0|@|® 2 1 


Flag Changes 








VF: Always 0. 
CF: Always 0. 
NF: | if bit 31 of the result is 'l'. 0 otherwise. 


ZF: 1 if the operation result is '0'. 0 otherwise 





C Updating of PSW due to flag changes is delayed for one insturuction. 
a: 


However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


OR imm,Dn 


Operation imm|Dn-—Dn 


Performs a logical OR of the immediate value(imm) and register Dn and stores the result in register 
Dn. 


Assembler mnemonic 





or imm8s,Dn imm8 is zero-extended 





or imm16,Dn imm16 is zero-extended 























or imm32,Dn 


Flag Changes 


VF: Always 0. 
CF: Always 0. 
NF: | if bit 31 of the result is 'l'. 0 otherwise. 


ZF: 1 if the operation result is '0'. 0 otherwise 





C Updating of PSW due to flag changes is delayed for one insturuction. 


However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


or O61 


Chapter 2 Instruction Specifications 


OR imm,PSW 


Operation imm|PSW->PSW 


Performs a logical OR of the immediate value and PSW and stores the result in PSW. 





Assembler mnemonic Notes 
or imm16,PSW imm16 is zero-extended 


Flag Changes 





VF: Will be set to bit 3 of the result. 
CF: Will be set to bit 2 of the result. 
NF: Will be set to bit 1 of the result. 
ZF: Will be set to bit 0 of the result. 





Updating of PSW by and imm16, PSW is delayed for two instuructions at most. 
= Especially for interruption affected by IE bit or IM field, note that the instruction during updating will be executed in 


the status before/after updating. 


62 OR 


Chapter 2 Instruction Specifications 


Exclusive Logical OR 


XOR Dm,Dn 


Operation Dm*Dn—Dn 


Performs an exclusive logical OR of register Dm and register Dn and stores the result in register 





Dn. 
Assembler mnemonic VICIN| Z| Size | Cycles 
xor Dm,Dn 0/0);@/|@ 2 1 


Flag Changes 





VF: Always 0. 
CF: Always 0. 
NF: | if bit 31 of the result is 'l'. 0 otherwise. 


ZF: 1 if the operation result is '0'. 0 otherwise 





C Updating of PSW due to flag changes is delayed for one insturuction. 


However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


XOR imm,Dn 
Operation imm*Dn—Dn 


Performs an exclusive logical OR of the immediate value and register Dn and stores the result in 


register Dn. 


Assembler mnemonic Notes 





xor imm16,Dn imm16 is zero-extended 
xor imm32,Dn 























Flag Changes 





VF: Always 0. 
CF: Always 0. 
NF: | if bit 31 of the result is 'l'. 0 otherwise. 


ZF: 1 if the operation result is '0'. 0 otherwise 





C Updating of PSW due to flag changes is delayed for one insturuction. 
Ld 


However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


XOR 63 


Chapter 2 Instruction Specifications 


N O T All Bits Inverted 


Operation Dn40xFFFFFFFF->Dn 


Inverts all bits in register Dn and stores the result in register Dn. 





Assembler mnemonic Notes VICIN|Z| Size | Cycles 
not Dn 0|;0|/@|@ 2 1 


Flag Changes 





VF: Always 0. 
CF: Always 0. 
NF: | if bit 31 of the result is '1'. 0 otherwise. 


ZF: 1 if the operation result is '0'. 0 otherwise 





C Updating of PSW due to flag changes is delayed for one insturuction. 
a: 


However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


64 NOT 


Chapter 2 Instruction Specifications 


BTST Multiple Bits Test 


BTST imm,Dn 


Operation imm&Dn->PSW 


Performs a logical AND of the immediate value and the contents of register Dn and reflects the result 
to the flag. 


Assembler mnemonic 





btst imm8,Dn imm8 is zero-extended 





btst imm16,Dn imm16 is zero-extended 
btst imm32,Dn 




















Flag Changes 
VF: Always 0. 
CF: Always 0. 
NF: 1 if bit 31 of the result is '1'. 0 otherwise. 


ZF: 1 if the operation result is '0'. 0 otherwise. 





(I Updating of PSW due to flag changes is delayed for one insturuction. 


However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


BIST imm,Mem 


Operation imm & Mem:PSW 
Performs a logical AND of the immediate value(imm) and the contents(byte data) of the 
memory(Mem) zero-extended to 32-bit and reflects the result to the flag. 


Assembler mnemonic Notes 

btst imm8,(d8,An) immé8 is zero-extended, d8 is sign-extended 
btst imm8,(abs16) immé8 is zero-extended, abs16 is zero-extended 
btst imm8,(abs32) immé8 is zero-extended 























Flag Changes 





VF: Always 0. 
CF: Always 0. 
NF: Always 0. 


ZF: 1 if the operation result is '0'. 0 otherwise. 





C Updating of PSW due to flag changes is delayed for one insturuction. 
a: 


However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


C AMO gr btst imm8,(abs16) is only for Am32. Not usable for AM30/AM31. 
1 


BTST 65 


Chapter 2 Instruction Specifications 


BSE T Multiple Bits Test & Set 


BSET Dm,(An) 


Operation memé8(An)(zero_ext)— temp 
temp&Dm:PSW 
temp|Dm—mem8(An) 


1. Zero-extends the contents(byte data) of (An) to 32-bit and load to the internal temporary 
register(temp). 

2. Performs a logical AND of the contents of the temporary register(temp) and the contents of register Dm and 
reflects the result to PSW. 

3. Performs a logical OR of the contents of the temporary register(temp) and the contents of register Dm and stores 


the lower 8-bit of the result in (An). 


Assembler mnemonic Size |Cycles 





bset Dm,(An) 3} 
Flag Changes 





VF: Always 0. 
CF: Always 0. 
NF: Always 0. 


ZF: 1 if the operation result is '0'. 0 otherwise. 





C Updating of PSW due to flag changes is delayed for one insturuction. 
Ld 


However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


(I All the operation by this instruction will be done during bus-locked and interruption-disabled. 
a 


C er or The operation corresponding to the data of cachable area in the external memory is not bus- 
7 locked. 


66‘ BSET 


Chapter 2 Instruction Specifications 


BSET imm,Mem 


Operation Mem(zero_ext)—temp 
temp&imm:PSW 
temp|imm—Mem 


1. Zero-extends the contents(byte data) of the memory(Mem) to 32-bit and loads to the internal 
temporary register(temp). 

2. Performs a logical AND of the contents of the temporary register(temp) and the immediate value(imm) and 
reflects the result to PSW. 

3. Performs a logical OR of the contents of the temporary register(temp) and immediate value(imm) and stores the 


lower 8-bit of the result in the memory(Mem). 


Assembler mnemonic Notes 

bset imm8,(d8,An) imm8 is zero-extended, d8 is sign-extended 
bset imm8,(abs16) imm8 is zero-extended, abs16 is zero-extended 
bset imm8,(abs32) imm8 is zero-extended 





























Flag Changes 





VF: Always 0. 
CF: Always 0. 
NF: Always 0. 


ZF: 1 if the operation result is '0'. 0 otherwise. 





C Updating of PSW due to flag changes is delayed for one insturuction. 


However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


C ANS ANS. The operation corresponding to the data of cachable area in the external memory is not bus- 
= locked. 
C ANOS ANS btst imm8,(abs16) is only for Am32. Not usable for AM30/AM31. 


C All the operation by this instruction will be done during bus-locked and interruption-disabled. 


BSET 67 


Chapter 2 Instruction Specifications 


B CLR Multiple Bits Test & Clear 


BCLR Dm,(An) 


Operation mem8(An)(zero_ext) temp 
temp&Dm:PSW 
temp&(Dm*0xFFFFFFFF)—mem8(An) 


1. Zero-extends the contents(byte data) of (An) to 32-bit and load to the internal temporary 
register(temp). 

2. Performs a logical AND of the contents of the temporary register(temp) and the contents of register Dm and 
reflects the result to PSW. 

3. Performs a logical AND of the contents of the temporary register(temp) and the logical-inverted data of the 


contents of register Dm and stores the lower 8-bit of the result in (An). 





Assembler mnemonic VICIN| Z| Size |Cycles 
0);/0/;0/@ 2 


bclr Dm,(An) 5 


Flag Changes 





VF: Always 0. 
CF: Always 0. 
NF: Always 0. 


ZF: 1 if the operation result is '0'. 0 otherwise. 





Updating of PSW due to flag changes is delayed for one insturuction. 
« However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


C gr gar The operation corresponding to the data of cachable area in the external memory is not bus- 
it 
locked. 


(I All the operation by this instruction will be done during bus-locked and interruption-disabled. 


68 BCLR 


Chapter 2 Instruction Specifications 


BCLR imm,Mem 


Operation Mem(zero_ext)—temp 
temp&imm:PSW 
temp&(imm*0xFFFFFFFF)-Mem 


1. Zero-extends the contents(byte data) of the memory(Mem) to 32-bit and load to the internal 
temporary register(temp). 

2. Performs a logical AND of the contents of the temporary register(temp) and the immediate value(imm) and 
reflects the result to PSW. 

3. Performs a logical AND of the contents of the temporary register(temp) and the logical-inverted data of the 


immediate value(imm) and stores the lower 8-bit of the result in the memory(Mem). 


Assembler mnemonic Notes 





belr_imms,(d8,An) immé is zero-extended, d8 is sign-extended 





belr_imm8,(abs16) imm8 is zero-extended, abs16 is zero extended 





belr i imm8s_ is zero-extended 
Flag Changes 























VF: Always 0. 
CF: Always 0. 
NF: Always 0. 


ZF: 1 if the operation result is '0'. 0 otherwise. 





C Updating of PSW due to flag changes is delayed for one insturuction. 
a 


However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


C All the operation by this instruction will be done during bus-locked and interruption-disabled. 


C gr ANS. The operation corresponding to the data of cachable area in the external memory is not bus- 
- locked. 
C ANOS ANS bclr imm8,(abs16) is only for Am32. Not usable for AM30/AM31. 


BCLR 69 


Chapter 2 Instruction Specifications 


A SR Arithmetic Shift Right for Optional Bit 


ASR Dm,Dn 


Operation If not (Dm&0x0000001F)=0 
Dn.Isb->CF 
(Dn >> (DmM&0x0000001F))(sign_ext)—>Dn 
If (Dm & 0x0000001F) =0 
PC+2—PC 


Performs an arithmetic shift right on the contents of register Dn for bits specified with the lower 5 bits 
of register Dm and stores the result in register Dn. 
No shift-operation if the contents of lower 5 bits of register Dm is '0'. 


The upper 27 bits of register Dm will be ignored. 


Dm & 0x0000001F : Dm & 0x0000001F 


— 























LSBs C flag 


Assembler mnemonic Notes 





asr Dm,Dn Contents of lower 5 bits of Dm are other than '0' 
Contents of lower 5 bits of Dm are '0' 
Flag Changes 























Contents of lower 5 bits of Dm are other than '0' 
VF: Not specified. 
CF: Reflects the bit value firstly shifted out. 
NF: 1 if bit 31 of the result is '1'. 0 otherwise. 
ZF: 1 if the result is '0'. 0 otherwise. 
Contents of lower 5 bits of Dm are '0' 
VF: Not specified. 
CF: Not specified. 
NF: 1 if bit 31 of Dn is 'l'. 0 otherwise. 
ZF: 1 if Dn is '0'. 0 otherwise. 





Updating of PSW due to flag changes is delayed for one insturuction. 
= However, Bec and Lcc instructions can evaluate flag before reflecting to PSW. 


70 ASR 


Chapter 2 Instruction Specifications 


ASR immé,Dn 


Operation If not (imm8 & 0x1F)=0 
Dn.Isb—>CF 
(Dn>>( imm8&0x1F))( sign_ext )—>Dn 
If (imm8&0x1F)=0 
PC+3-—-PC 


Performs an arithmetic shift right on the contents of register Dn for bits specified with the lower 5 
bits of the immediate value(imm8) and stores the result in register Dn. 
No shift-operation if the contents of lower 5 bits of the immediate value(imm§8) is '0'. 


The upper 3 bits of the immediate value(imm8) will be ignored. 


imm8s & O0x1F . . imms & Ox1F 




















LSB C flag 





Assembler mnemonic Notes 
asr imm8,Dn Contents of lower 5 bits of imm8 are other than '0' 
Contents of lower 5 bits of imm8 are 'O' 























Flag Changes 





Contents of lower 5 bits of imm8 are other than '0' 
VF: Not specified. 
CF: Reflects the bit value firstly shifted out. 
NF: 1 if bit 31 of the result is '1'. 0 otherwise. 
ZF: 1 if the result is '0'. 0 otherwise. 
Contents of lower 5 bits of imm8 are '0' 
VF: Not specified. 
CF: Not specified. 
NF: 1 if bit 31 of Dn is '1'. 0 otherwise. 
ZF: 1 if Dn is '0'. 0 otherwise. 





C Updating of PSW due to flag changes is delayed for one insturuction. 


However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


ASR 71 


Chapter 2 Instruction Specifications 


A S R 1 Bit Arithmetic Shift Right [Overwriting Instructions] 


Dn.Isb CF 


Operati 
ee (Dn>>1)(sign_ext)>Dn 


Performs a 1-bit arithmetic shift right on the contents of register Dn and stores in register Dn. 


1bit 














| 


LSB C flag 








Assembler mnemonic VICINI Z|] Size | Cycle 
asr Dn ?1@/|@\@e 3 1 


Flag Changes 





VF: Not specified. 

CF: Reflects the bit value firstly shifted out. 
NF: 1 if bit 31 of the result is 'l'. 0 otherwise. 
ZF: 1 if the result is '0'. 0 otherwise. 





< Updating of PSW due to flag changes is delayed for one insturuction. 


However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


C -This instruction is executed by overwriting the instructions and the assembler generates the following instructions. 
a 


asr 1,Dn 


C The numbers of Size and Cycles are those of the instruction mentioned above. 


72 ~~ =ASR 


Chapter 2 Instruction Specifications 


Logical Shift Right for Optional Bit 


LSR Dm,Dn 


If not (Dm&0x0000001F)=0 
Dn.Isb-—>CF 
(Dn>>(Dm&0x0000001F))(zero_ext)>Dn 
If (Dm&0x0000001 F)=0 
PC +2—PC 


Operation 


Performs a logical shift right on the contents of register Dn for bits specified with the lower 5 bits of 
register Dm and stores the result in register Dn. 

No shift-operation if the contents of lower 5 bits of register Dm is '0'. 

The upper 27 bits of register Dm will be ignored. 

'0' is input in MSB. 


Dm & 0x0000001F Dm & 0x0000001F 




















LSB 


Assembler mnemonic Notes 
Isr Dm,Dn Contents of lower 5 bits of Dm are other than '0' 
Contents of lower 5 bits of Dm are '0' 























Flag Changes 





Contents of lower 5 bits of Dm are other than '0' 
VF: Not specified. 
CF: Reflects the bit value firstly shifted out. 
NF: 1 if bit 31 of the result is 'l'. 0 otherwise. 
ZF: 1 if the result is '0'. 0 otherwise. 
Contents of lower 5 bits of Dm are '0' 
VF: Not specified. 
CF: Not specified. 
NF: 1 if bit 31 of Dn is '1'. 0 otherwise. 
ZF: 1 if Dn is '0'. 0 otherwise. 





< Updating of PSW due to flag changes is delayed for one insturuction. 
Z 


However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


LSR 73 


Chapter 2 Instruction Specifications 


LSR immé,Dn 


If not (imm8&0x1F)=0 

Dn.Isb>CF 

(Dn>>( imm8&0x1F))(zero_ext)—>Dn 
If (imm8&0x1F)=0 

PC+3—PC 


Operation 


Performs a logical shift right on the contents of register Dn for bits specified with the lower 5 bits of 
the immediate value(imm§8) and stores the result in register Dn. 

No shift-operation if the contents of lower 5 bits of the immediate value(imm§8) is '0'. 

The upper 3 bits of the immediate value(imm8) will be ignored. 

'0' is input in MSB. 


imms & Ox1F “ 2 imms & Ox1F 























7 











LSB C flag 


Assembler mnemonic Notes 
Isr imm8,Dn Contents of lower 5 bits of imm8 are other than '0' 
Contents of lower 5 bits of imm8 are 'O' 
Flag Changes 


























Contents of lower 5 bits of imm8 are other than '0' 
VF: Not specified. 
CF: Reflects the bit value firstly shifted out. 
NF: 1 if bit 31 of the result is '1'. 0 otherwise. 
ZF: 1 if the result is '0'. 0 otherwise. 
Contents of lower 5 bits of imm8 are '0' 
VF: Not specified. 
CF: Not specified. 
NF: 1 if bit 31 of Dn is '1'. 0 otherwise. 
ZF: 1 if Dn is '0'. 0 otherwise. 





Updating of PSW due to flag changes is delayed for one insturuction. 
= However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


74  LSR 


Chapter 2 Instruction Specifications 


1 Bit Logical Shift Right [Overwriting Instructions] 


Operation Dn.Ilsb—>CF 
(Dn>>1)(zero_ext)—>Dn 


Performs a 1-bit logical shift right on the contents of register Dn and stores the result in register Dn. 


1bit 























eae 
Isr Dn 2?/@/@/;@/ 38 1 


Flag Changes 





VF: Not specified. 

CF: Reflects the bit value firstly shifted out. 
NF: 1 if bit 31 of the result is '1'. 0 otherwise. 
ZF: 1 if the result is '0'. 0 otherwise. 





< Updating of PSW due to flag changes is delayed for one insturuction. 
Z 


However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


< .This instruction is executed by overwriting the instructions and the assembler generates the following instructions. 
= Isr 1,Dn 


1 The numbers of Size and Cycles are those of the instruction mentioned above. 


LSR is 


Chapter 2 Instruction Specifications 


A SL Arithmetic Shift Left for Optional Bit 


ASL Dm,Dn 


If not (Dm&0x0000001F)=0 
Dn<<(Dm8&0x0000001F)—>Dn 
If (Dm&0x0000001F)=0 
PC+2PC 


Operation 


Performs an arithmetic shift left on the contents of register Dn for bits specified with the lower 5 bits of 
register Dm and stores the result in register Dn. 

No shift-operation if the contents of lower 5 bits of register Dm is '0'. 

The upper 27 bits of register Dm will be ignored. 

'0' is input in LSB. 








Dm & 0x0000001F . Dm & 0x0000001F 
































Assembler mnemonic Notes 
as| Dm,Dn Contents of lower 5 bits of Dm are other than '0' 
Contents of lower 5 bits of Dm are 'O' 
Flag Changes 














Contents of lower 5 bits of Dm are other than '0' 
VF: Not specified. 
CF: Not specified. 
NF: 1 if bit 31 of the result is '1'. 0 otherwise. 
ZF: 1 if the result is '0'. 0 otherwise. 
Contents of lower 5 bits of Dm are '0' 
VF: Not specified. 
CF: Not specified. 
NF: 1 if bit 31 of Dn is '1'. 0 otherwise. 
ZF: 1 if Dn is '0'. 0 otherwise. 





C Updating of PSW due to flag changes is delayed for one insturuction. 


However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


76 ~~ ASL 


Chapter 2 Instruction Specifications 


ASL imms,Dn 


Operation If not (imm8&0x1F)=0 
Dn<<(imm8&0x1F)—Dn 
If (imm8&0x1F)=0 
PC+3-—PC 


Performs an arithmetic shift left on the contents of register Dn for bits specified with the lower 5 bits 
of the immediate value(imm§8) and stores the result in register Dn. 

No shift-operation if the contents of lower 5 bits of the immediate value(imm§8) is '0'. 

The upper 3 bits of the immediate value(imm8) will be ignored. 

'0' is input in LSB. 


imm8 & Ox1F imm8 & Ox1F 
































i 


Assembler mnemonic Notes 
as! imm8,Dn Contents of lower 5 bits of imm8 are other than '0' 
Contents of lower 5 bits of imm8 are 'O' 


Flag Changes 














Contents of lower 5 bits of imm8 are other than '0' 
VF: Not specified. 
CF: Not specified. 
NF: 1 if bit 31 of the result is '1'. 0 otherwise. 
ZF: 1 if the result is '0'. 0 otherwise. 
Contents of lower 5 bits of imm8 are '0' 
VF: Not specified. 
CF: Not specified. 
NF: 1 if bit 31 of Dn is '1'. 0 otherwise. 
ZF: 1 if Dn is '0'. 0 otherwise. 





Updating of PSW due to flag changes is delayed for one insturuction. 
= However, Bec and Lcc instructions can evaluate flag before reflecting to PSW. 


ASL 77 


Chapter 2 Instruction Specifications 


A S L2 2-Bit Arithmetic Shift Left 


ASL2 Dn 


Operation (Dn<< 2)&OxFFFFFFFC—Dn 


Performs a 2-bitArithmetic shift left on the contents of register Dn and stores the result in register Dn. 


'0' is input in LSB. 


2bit 























Assembler mnemonic Size | Cycle 
asl2 Dn ; ’ Fi 


Flag Changes 





VF: Not specified. 

CF: Not specified. 

NF: 1 if bit 31 of the result is '1'. 0 otherwise. 
ZF: 1 if the result is '0'. 0 otherwise. 





1 Updating of PSW due to flag changes is delayed for one insturuction. 
s However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


78 ~ ASL2 


Chapter 2 Instruction Specifications 


R OR 1-bit Rotate Right 


Operation CF<<31—temp 
Dn.lsb—>CF 
(Dn >>1)(zero_ext)| temp—Dn 


Couples the register Dn and the carry flag(CF), perform a 1-bit rotate right on it and stores the result 


in register Dn. 


. 


























Assembler mnemonic Size | Cycle 
ror Dn 2 1 


Flag Changes 





VF: Not specified. 

CF: Not specified. 

NF: 1 if bit 31 of the result is 'l'. 0 otherwise. 
ZF: 1 if the result is '0'. 0 otherwise. 





Updating of PSW due to flag changes is delayed for one insturuction. 
« However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


ROR 79 


Chapter 2 Instruction Specifications 


R OL 1-bit Rotate Left 


Operation CF—temp 
Dn.msb->CF 
(Dn<<1) | temp—Dn 


Couples the register Dn and the carry flag(CF), perform a 1-bit rotate left on it and stores the result in 


register Dn. 














La 


























Cflag MSB 


Assembler mnemonic VICINI Z| Size | Cycle 
rol Dn 0|;@|@/|@e 2 1 


Flag Changes 








VF: Not specified. 

CF: Not specified. 

NF: 1 if bit 31 of the result is 'l'. 0 otherwise. 
ZF: 1 if the result is '0'. 0 otherwise. 





Updating of PSW due to flag changes is delayed for one insturuction. 
=« However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 
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Chapter 2 _ Instruction Specifications 


Bcc 


Bcc label 


Operation When branch is taken, 
PC d8&(sign_ext)>PC 


Branch on Condition Codes 


Sign-extends 8-bit displacement(d8), adds program counter(PC) and stores the result in the program 
counter(PC). 


Stores the result in the program counter(PC). Ignore it even if the result overflows. 


When branch is not taken, 
PC+CodeSize>PC 


Executes following instructions. 


Assebler mnemonic Notes 
beq label Branches at Z flag set 








bne label ~Z Branches at Z flag clear 

bgt label ~(Z | (N“V)) Branches at < (with signed 
bge label ~(N4V) Branches at < (with signed 
ble __ label Z| (N4V) Branches at = 
bit label NAV Branches at > 











with signed 





with signed 





( 
( 
( 
bhi label ~(C |Z) Branches at < (no signed) 





bcc label Branches at <, C flag clear (no signed) 





bls label Branches at = (no signed) 





bcs label Branches at >, C flag clear (no signed) 





bve label Branches at V flag clear 





bvs label Branches at V flag set 
Branches at N flag clear 





Branches at N flag set 





Branches unconditionally 
Flag Changes 




















VF; No changes 
CF: No changes 
NF: No changes 
ZF: No changes 





C "Cycles" describes the cycles of "branch"/"not branch". 


< The cycles of "not branch" depend on status of an instruction queue. 


Chapter 2 Instruction Specifications 


Lec Loop on Condition Codes 


Lec 


Operation When branch is taken, 
LAR-4—»PC 


The instruction loaded to the loop instruction register (LIR) is executed and instruction fetch starts fo 
the address loaded to the loop address register (LAR). 

At the same time, 4 is subtracted from the loop address register (LAR) and the results are written into 
the PC. Stores the result in the program counter(PC). Ignore it even if the result overflows. 

Lec is used together with SETLB in order to increase the loop execution speed, and performs conditional branch to 
the top of the loop set by SETLB. 


When branch is not taken, 
LAR+1—3PC 


Executes the following instructions. 


Assebler mnemonic Notes 





leq Branches at Z flag set 





Ine Branches at Z flag clear 
~(Z | (N“V)) Branches at <(with signed 
~(N‘V) Branches at <(with signed 

Z| (NV) Branches at =(with signed 

( 

( 











) 
) 
) 
) 


NAV Branches at >(with signed 





~(C |Z) Branches at <(no signed) 





~C Branches at <, C flag clear(no signed) 





C|Z Branches at =(no signed) 





C Branches at <, C flag set(no signed) 





Branches unconditionally 
Flag Changes 























VF: No changes 
CF: No changes 
NF: No changes 
ZF: No changes 





< The execution without corresponding to SETLB insturuction is not guaranteed. 
a 
C "Cycles" describes the cycles of "branch"/"not branch". 

a 


C The cycles of "not branch" depend on status of an instruction queue. 
Ls 
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Chapter 2 _ Instruction Specifications 


SETLB  cxsccssse 


Operation mem32(PC+1)LIR , 
PC+5—LAR 


The 4-byte instruction string and 5th byte address following to SETLB are loaded to the loop instruc- 
tion register (LIR) and loop address register (LAR) respectively. 


SETLB is used together with Lcc in order to increase the loop (the innermost loop) execution speed. 


The top of the loop is set by SETLB just before the loop entrance. 





Assebler mnemonic Notes VICIN| Z| Size | Cycles 
setlb —}—/—|]— i 1 


Flag Changes 





VF; No changes 
CF: No changes 
NF: No changes 
ZF: No changes 


C or gr AN A method of storing in LIR depends on microcomputer core type(AM30/AM31/ 
= AM32). 


When the instrucion strings following to SETLB are the following, 
SETLB 
A 
B 
Cc 
D 


storing in LIR is as shown below. 















































AM30 
D c B A 
AM31/AM32 
D C B A If LIR = 4n 
[ec] B][alo If LIR = 4n+1 
| B A D Cc If LIR = 4n+2 
| A D C B If LIR = 4n+3 
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Unconditional branch 


Operation An->PC 
Stores the contents of register An in program counter(PC). 
Assebler mnemonic VICIN| Z| Size | Cycles 


jmp (An) pe ae ae ee ee 3 
Flag Changes 








VF; No changes 
CF: No changes 
NF: No changes 
ZF: No changes 


JMP label 


Operation If displacement from program counter(PC) ro label is performed in 16-bit, 
PC+d16(sign_ext)—=PC 


Sign-extends d16, added to PC and stores the results in PC. Ignore it even if the results overflows and stores the 


result in PC. 


If displacement from program counter(PC) ro label is performed in 32-bit, 
PC+d32->PC 


Adds the 32-bit displacement and PC and stores the results in PC. Ignore it even if the results 


overflows and stores the result in PC. 


Assebler mnemonic Notes 
jmp label If displacement from program counter(PC) ro label is 


performed in 16-bit; 








If displacement from program counter(PC) ro label is 
performed in 32-bit 




















Flag Changes 





VF; No changes 
CF: No changes 
NF: No changes 
ZF: No changes 


C or *: "Cycles" is four. 


C The assembler chooses the most suitable displacement; d16 or d32. 
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Chapter 2 Instruction Specifications 


CALL Bessie 


CALL label 


Operation When displacement from program counter(PC) to label is performed within 16-bit, 


If registers specified with "regs"= 2 
PC+5—mem32(SP), 
regi >mem32(SP-4) , reg2+mem32(SP-8) , SP-imm8(zero_ext)>SP, 
PC+5—>MDR , PC+d16(sign_ext) PC 

If registers specified with "regs"= 11 
PC+5= 2mem32(SP) 
D2—mem32(SP-4), D3->mem32(SP-8), A2>mem32(SP-12), 
A3—mem32(SP-16), DO>mem32(SP-20), D1 >mem32(SP-24) , 
A0—mem32(SP-28), Ai+mem32(SP-32), 
MDR-mem32(SP-36), LIR+mem32(SP-40), LAR->mem32(SP-44) , 
SP-imm8(zero_ext) SP, PC+5-—>MDR, PC+d16(sign_ext) PC 


When displacement from program counter(PC) to label is performed within 32-bit, 


If registers specified with "regs"= 2 
PC+7—mems32(SP), 
regi >mem32(SP-4), reg2—mem32(SP-8), 
SP-imm8(zero_ext) SP, PC +7-—>MDR, PC+d32-5PC 

If registers specified with "regs"= 11 
PC+7—mem32(SP) 
D2—mem32(SP-4), D3->mem32(SP-8), A2A>mem32(SP-12) , 
A3—mem32(SP-16), DO>mem32(SP-20), Di >mem32(SP-24) , 
A0—mem32(SP-28), Al-mem32(SP-32) , 
MDR-mem32(SP-36), LIR+mem32(SP-40), LAR->mem32(SP-44) , 
SP-imm8(zero_ext) SP, PC +7->MDR, PC+d32-—5PC 

This instruction branches to the specified address after 


: ‘ F : address lower 
saving the PC and multiple registers for the next instruc- 





tion and restoring the stack area. The immediate : 
SP after execution 
Stack area 


‘ ‘ : ian resotred with 
the immediate value(imm8:zero-extended) specifies the imm8 


value(regs) specifies the multiple registers to be saved and 


area to be restored (bytes). (Refer to MOVM instruction 
for details of "regs".) CALL is used together with RET or 


RETF to save/restore registers and allocate/deallocate the Multiple 
registers 


stack area quickly during returning from subroutine. The specified with 
status of the stack frame after CALL is shown at the right. SP before execution—> ie 

















address upper 
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Chapter 2 Instruction Specifications 


Assebler mnemonic 








ol 


call label When displacement registers specified with"regs"=0 





from program counter registers specified with"regs"=1 
(PC) to label is registers specified with"regs"=2 


performed within 16-bit, registers specified with"regs"=3 
registers specified with"regs"=4 














registers specified with"regs"=7 





registers specified with"regs"=8 











registers specified with"regs"=9 





registers specified with"regs"=10 





registers specified with"regs"=11 





registers specified with"regs"=0 





When displacement : = ————— 
registers specified with"regs"=1 





from program counter 
(PC) to label is registers specified with"regs"=3 
performed within 32-bit, registers specified with"regs"=4 


registers specified with"regs"=7 


registers specified with"regs"=2 














registers specified with"regs"=8 





registers specified with"regs"=9 





registers specified with"regs"=10 








NININEIN IN IN IN IN IN IN ofa far fan fan fan on ons fos 


registers specified with"regs"=11 























Flag Changes 





VF; No changes 
CF: No changes 
NF: No changes 
ZF: No changes 





| Three operands of d16, regs, imm§8 are used for the bit assignment. 
= The assember does not specify the multiple registers to be saved and the area to be restored(regs, imm8). Pseud instruction at 
subroutine CALL specifies them indirectly then finally the linker executes them. 


Refer to "Cross Assembler User's Manual" for details. 


< Assembler selects d16 or d32 for the best. 


< or *:"Cycles" is the figures mentioned above plus 1. 


C Refer to "Appendix Instruction Set" for operation expressions by each register specified with "regs". 


86 CALL 


Chapter 2 _ Instruction Specifications 


CALLS  serosvscs 


CALLS (An) 


Operation PC+2—mem32(SP) . 
PC+2—MDR , 
An->PC 


This instruction branches to the specified address after saving the PC for the next instruction to the 


stack. CALLS is used together with RETS in the case of registers to be saved and the stack area to be 


allocated are unclear, and to maintain compatibility(use with JSR). 


Assebler mnemonic Notes VICINI Z|] Size | Cycles 
calls (An) el gee ||| 2 3 


Flag Changes 








VF; No changes 
CF: No changes 
NF: No changes 
ZF: No changes 
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Chapter 2 Instruction Specifications 


CALLS label 


Operation 


When displacement from program counter(PC) to label is performed within 16-bit, 


PC+4—mem32(SP), PC+4—-MDR, 
PC+d16(sign_ext)—PC 


When displacement from program counter(PC) to label is performed within 32-bit, 
PC+6—mem32(SP), PC+6—-MDR , 
PC+d32—PC 


This instruction branches to the specified address after saving the PC for the next instruction to the 
stack. Ignore them even if the result of addition is overflowed and store them into the PC. This 


instruction is used together with RETS in the case of registers to be saved and the stack area to be 
allocated are unclear, and to main compatibility(use with JSR). 


Assebler mnemonic Notes 





calls label When displacement from program counter(PC) to label is 


performed within 16-bit 





When displacement from program counter(PC) to label is 


performed within 32-bit 




















Flag Changes 
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VF; No changes 
CF: No changes 
NF: No changes 
ZF: No changes 


C ANOS *: "Cycles" is four. 


CALLS 


Chapter 2 Instruction Specifications 


RE T Return from subroutine 


RET 


Operation If registers specified with "regs"= 2 
SP+imm8(zero_ext)—>SP, 
mem32(SP-4)—reg1, mem32(SP-8)—reg2, 
mem32(SP)—>PC 
If registers specified with "regs"= 11 
SP+imm8(zero_ext)—>SP, 
mem32(SP-4)—D2, mem32(SP-8)—D3, mem32(SP-12)—A2 , 
mem32(SP-16)—A3, mem32(SP-20)—D0, mem32(SP-24)—D1 , 
mem32(SP-28)—A0, mem32(SP-32)—A1, mem32(SP-36)—>MDR , 
mem32(SP-40)—=LIR, mem32(SP-44)-—=LAR , 
mem32(SP)—>PC 


This instruction branches to the return address after saving the PC and multiple registers for the next 
instruction and restoring the stack area. The immediate value(regs) specifies the multiple registers to 
be saved and the immediate value(imm8:zero-extended) specifies the area to be restored (bytes). 
(Refer to MOVM instruction for details of "regs".) CALL is used together with RET to save/restore 
registers and allocate/deallocate the stack area quickly during returning from subroutine. If the 


subroutine does not overwrite MDR, RETF deallocate quickly. 


Assebler mnemonic Notes Ctcles 
5* 
5* 
5 





ao 


ret Registers specified with "regs"=0 





Registers specified with "regs"=1 





Registers specified with "regs"=2 





Registers specified with "regs"=3 





Registers specified with "regs"=4 





Registers specified with "regs"=7 





Registers specified with "regs"=8 





Registers specified with "regs"=9 





Registers specified with "regs"=10 























WL oO];,olwo; ol] w!]w]w]o 


Registers specified with "regs"=11 
Flag Changes 





VF; No changes 
CF: No changes 
NF: No changes 
ZF: No changes 





1 Two operands of regs, imm§8 are used for the bit assignment. 
= The assember does not specify the multiple registers to be saved and the area to be restored(regs, imm8). Pseud instruction at 
subroutine CALL specifies them indirectly then finally the linker executes them. 


Refer to "Cross Assembler User's Manual" for details. 


| Refer to "Appendix Instruction Set" for operation expressions by each register specified with "regs". 


C or *: "Cycles" is four. 
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Chapter 2 Instruction 


Specifications 


RE TF Return from Subroutine 


RETF 


Operation 


Assebler mnemonic Notes 


If registers specified with "regs"= 2 
SP+imm8(zero_ext)=SP, MDR-PC , 
mem32(SP-4)—reg1, mem32(SP-8)-—reg2 

If registers specified with "regs"= 11 
SP + imm8(zero_ext) SP, MDR-PC , 
mem32(SP-4)—D2, mem32(SP-8)—D3, mem32(SP-12)—A2 , 
mem32(SP-16)—-A3, mem32(SP-20)—D0, mem32(SP-24)—D1 , 
mem32(SP-28)—A0, mem32(SP-32)—A1, mem32(SP-36)—>MDR , 
mem32(SP-40)—-LIR, mem32(SP-44)—>LAR 


This instruction branches to the return address in MDR after saving the multiple registers and 
restoring the stack area. The immediate value(regs) specifies the multiple registers to be returned 
and the immediate value(imm8:zero-extended) specifies the area to be restored (bytes). (Refer to 
MOVM for details of "regs".) CALL is used together with RETF to save/restore registers and 
allocate/deallocate the stack area quickly during returning from subroutine. 


When overwriting MDR within suburoutine, the operation for returning is not guaranteed.(Use RET.) 








retf 


Registers specified with "regs"=0 


oo 





Registers specified with "regs"=1 





Registers specified with "regs"=2 





Registers specified with "regs"=3 





Registers specified with "regs"=4 





Registers specified with "regs"=7 





Registers specified with "regs"=8 





Registers specified with "regs"=9 





Registers specified with "regs"=10 





WOW IWIWILWI/W!/WIW]W 


Registers specified with "regs"=11 























Flag Changes 





VF; No changes 
CF: No changes 
NF: No changes 
ZF: No changes 


| Two operands 
= The assember 


of regs, imm§8 are used for the bit assignment. 


does not specify the multiple registers to be saved and the area to be restored(regs, imm8). Pseud instruction 


at subroutine CALL specifies them indirectly then finally the linker executes them. 


Refer to "Cross 


Assembler User's Manual" for details. 


C When overwriting MDR within suburoutine, the operation for returning is not guaranteed.(Use RET.) 
Ll 


C Refer to "App 
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endix Instruction Set" for operation expressions by each register specified with "regs". 


Chapter 2 _ Instruction Specifications 


RE TS Return from Subroutine 


RETS 


Operation mem32(SP)—PC 


Branches to the returning address stored in the stack. 
RETS is used together with CALLS. 
Also it is used to maintain compatibility(use with RTS). 





Assebler mnemonic Notes VIC|N |Z] Size | Cycles 
rets =| (== = 3” 


Flag Changes 


VF; No changes 
CF: No changes 
NF: No changes 
ZF: No changes 


< ACO *: "Cycles" is four. 
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Chapter 2 Instruction Specifications 


Subroutine Call [Combination of Multiple Instructions] 


JSR (An 


Operation SP-4SP , 
PC+2—mem32(SP), PC+2—MDR 
An-PC 
(subroutine execution) 
SP+4—SP 


Branches to the specified address after saving the PC for the next instruction to the stack. 


Assebler mnemonic Notes VIC|IN|Z) Size | Cycles 


jsr (An) @\|e\|e/e 
Flag Changes 


VF: Depends on the subroutine processing 





CF: Depends on the subroutine processing 


NF: Depends on the subroutine processing 





ZF: Depends on the subroutine processing 


C Updating of PSW due to flag changes is delayed for one insturuction. 
a 


However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


1 This instruction is executed by overwriting the instructions and the assembler generates the following instructions. 


4 ADD -4,SP 
CALLS (An) 
ADD 4,SP 


The numbers of Size and Cycles are those of the instruction mentioned above. The optimization of assembler may change the 
= cycles. Refer to "Chapter 3, Using Instructions". 
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Chapter 2 Instruction Specifications 


JSR_ label 


Operation When displacement from program counter(PC) to label is performed within 16-bit, 
SP-4—SP , 
PC+4—mem32(SP), PC+4—MDR , 
PC+d16(sign_ext)—PC , 
(subroutine execution) 
SP+4—SP 


When displacement from program counter(PC) to label is performed within 32-bit, 
SP-4—SP , 
PC+6—mem32(SP), PC+6—-MDR 
PC+d32-—PC , 
(subroutine execution) 
SP+4—SP 


Branches to the specified address after saving the PC for the next instruction to the stack. 


Ignores even if the results overflows and stores the result in PC. 


Assebler mnemonic Notes 





jsr label When displacement from program counter(PC) to label is 


performed within 16-bit, 





When displacement from program counter(PC) to label is 











performed within 32-bit, 








Flag Changes 





VF: Depends on the subroutine processing 
CF: Depends on the subroutine processing 
NF: Depends on the subroutine processing 


ZF: Depends on the subroutine processing 





C Updating of PSW due to flag changes is delayed for one insturuction. 


However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


C This instruction is executed by overwriting the instructions and the assembler generates the following instructions. 
Ll 


ADD -4,SP 
CALLS label 
ADD 4,SP 


C The numbers of Size and Cycles are those of the instruction mentioned above. The optimization of assembler may change the 
™ cycles. Refer to "Chapter 3, Using Instructions". 


C NSO *: "Cycles" is six. 
: 
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Chapter 2 Instruction Specifications 


R TS Return from Subroutine [Instruction replacement] 


Operation mem32(SP)->PC 


Branches to the returning address stored in the stack. 


RTS is used together with JSR to maintain compatibility. 


Assebler mnemonic VICIN| Z| Size | Cycles 
rts | Pea | me | 2 4 
Flag Changes 








VF; No changes 
CF: No changes 
NF: No changes 
ZF: No changes 





< This instruction is executed by overwriting the instructions and the assembler generates the following instructions. 
a 


rets 


C The numbers of Size and Cycles are those of the instruction mentioned above. 
1 
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Chapter 2 Instruction Specifications 


Return from Program 


RTI 


Operation mem16(SP)—>PSW , 
mem32(SP+4)—PC , 
SP+8—SP 


Returns from the interrupt by branching to the return address stored in the stack after restoring the 


PSW contained in the stack. 


Assebler mnemonic 
rti 





Flag Changes 





VF: The V flag of the saved PSW. 
CF: The V flag of the saved PSW. 
NF: The V flag of the saved PSW. 
ZF: The V flag of the saved PSW. 
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Chapter 2 Instruction Specifications 


T RAP Subroutine Call to a specified Address 
TRAP 


Operation PC+2—mem32(SP), 
0x40000010->PC 


Branches to the specified address (0x40000010) after saving the PC of the next instruction to the 
stack. It is used for system call (calling the OS and library). 





Assebler mnemonic Notes VICIN/] Z| Size | Cycles 
trap —|—|—|— 2 4 


Flag Changes 





VF; No changes 
CF: No changes 
NF: No changes 
ZF: No changes 
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Chapter 2 _ Instruction Specifications 


P No Operation 


Operation PC+1—PC 


No operation. 





nop | a ar 


Flag Changes 





VF; No changes 
CF: No changes 
NF: No changes 
ZF: No changes 





NOP a1 


Chapter 2 Instruction Specifications 


UDEnn User Extension Instruction 


UDFnn Dm,Dn (nn = 00 to 15, 20 to 35) 


Operation When nn=00 to 15, 
Dm op Dn-Dn 


Performs an operation on the contents of register Dm and register Dn and stores the result in 


register Dn. The operation and flag changes are user defined. 


When nn=20 to 35, 
Dm op Dn 


Performs an operation on the contents of register Dm and register Dn but the result is not written 


into register Dn and the flags are not changed. 


Assembler mnemonic 





udfnn Dm,Dn When nn = 00 to 15 























When nn = 20 to 35 


Flag Changes 





When nn = 00 to15 
VF: User defined 
CF: User defined 
NF: User defined 
ZF: User defined 


When nn = 20 to 35 
VF: No changes 
CF: No changes 
NF: No changes 
ZF: No changes 








However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


C ANS MOVM [regs],(SP) can not be located in one instruction before this instruction. 
1 


< Updating of PSW due to flag changes is delayed for one insturuction. 
a: 


9 8 UDFnn 


UDFnn | 


Operation 


Chapter 2 Instruction Specifications 


mm,Dn (nn=00 to 15, 20 to 35) 


When nn= 00 to 15, 
imm op Reg—>Reg 


Performs an operation on the zero-extended immediate value(imm8 or imm16) or 32-bit immediate 
value(imm32) and register Dn, then stores the result in register Dn. 


The contents of the operation and flag changes are user defined. 


When nn = 20 to 35, 


imm op Reg 
Performs an operation on the zero-extended immediate value(imm8 or imm16) or 32-bit immediate 


value(imm32) and register Dn, then stores the result in register Dn. 


The result is not written into register Dn and the flags are not changed. 


Assembler mnemonic Notes Cycles 





udfnn imm8s,Dn 


When nn=00 to 15, imm8 is sign-extended User defined 





udfnn imm16,Dn 
udfnn imm32,Dn 


When nn=00 to 15, imm16 is sign-extended User defined 
When nn=00 to 15. User defined 





udfnn imm8,Dn 


When nn=20 to 35, imm8 is sign-extended User defined 





udfnn imm16,Dn 


When nn=20 to 35, imm16 is sign-extended User defined 




















udfnn_imm32,Dn When nn=20 to 35 —|—|— |— | _ 6 _[ User defined 


Flag Changes 





When nn = 00 to 15 


VF: User defined 
CF: User defined 
NF: User defined 
ZF: User defined 


When nn = 20 to 35 


VF: No changes 
CF: No changes 
NF: No changes 
ZF: No changes 





SW due to flag changes is delayed for one insturuction. 


Updating of P 
= However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


C i 
C i 


"nn=20 to 35" is only for AM31/AM372. It can not be used for AM30. 


MOVM [regs],(SP) can not be located in one instruction before this instruction. 
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Chapter 2 Instruction Specifications 


UDF Unn User Extension Instruction 


UDFUnn imm,Dn (nn=00 to 15, 20 to 35) 


Operation 


When nn=00 to 15, 
imm op Reg—>Reg 


Performs an operation on the zero-extended immediate value(imm8 or imm16) or 32-bit immediate 
value(imm32) and register Dn, then stores the result in register Dn. 


The contents of the operation and flag changes are user defined. 


When nn=20 to 35, 
imm op Reg 


Performs an operation on the zero-extended immediate value(imm8 or imm16) or 32-bit immediate 


value(imm32) and register Dn, then stores the result in register Dn. 


The result is not written into register Dn and the flags are not changed. 


Assembler mnemonic Notes Cycles 





udfnn imms8,Dn When nn=00 to 15, imm8 is zero-extended. ees 


udfnn imm16,Dn When nn=00 to 15, imm16 is zero-extended. User defined 
udfnn imm32,Dn When nn=00 to 15, User defined 











udfnn imm8,Dn When nn=20 to 35, imm®8 is zero-extended. User defined 





udfnn imm16,Dn When nn=20 to 35, imm16 is zero-extended. User defined 


udfnn imm32,Dn When nn=20 to 35, User defined 
Flag Changes 




















When nn = 00 to 15 
VF: User defined 
CF: User defined 
NF: User defined 
ZF: User defined 


When nn = 20 to 35 
VF: No changes 
CF: No changes 
NF: No changes 
ZF: No changes 








< Updating of PSW due to flag changes is delayed for one insturuction. 
it 


However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW. 


C ir "nn=20 to 35" is only for AM31/AM32. It can not be used for AM30. 

i 

(A ANS MOVM [regs],(SP) can not be located in one instruction before this instruction. 
1 


1 00 UDFUnn 


Usage Notes 





Chapter 3 Usage Notes 


Notes to Programmers 


The MN1030/MN103S Series of 32-bit microcontrollers incorporates the following enhancements for boosting 
throughput. 


« Lower cycle counts 


Additional hardware bypasses and augments the five-stage pipeline to increase the execution speeds of such 
instructions as Lcc, SETLB, RET, and RETF. 


* Higher operating frequencies 


Reorganizing the pipeline stages to eliminate the bottlenecks associated with such operations as aligning 


and expanding load data has permitted the use of shorter clock cycles. 


To help your programs to take maximum advantage of these throughput enhancements, this Chapter describes 
the pipeline architecture, dangerous code sequences, code sequences to avoid, and boiler plate code sequences. 
1. Pipeline Architecture 
This Section covers the structure and operation of the five-stage pipeline incorporated into the MN1030/ 
MN103S Series of 32-bit microcontrollers. 
2. Dangerous Code Sequences 


This Section describes instruction variants and instruction sequences that must be strictly avoided 


because they lead to faulty operation. 


3. Code Sequences to Avoid 


This Section describes instruction variants and instruction sequences that should be avoided not 


because they lead to faulty operation, but because they consume excess cycles. 


4. Boiler Plate Code Sequences 


This Section contains sample code for common programming tasks. 
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Pipeline Architecture 


The 32-bit microcontrollers in the MN1030/MN103S Series boost throughput with a five-stage pipeline 
that, by overlapping instruction processing steps with stages operating in parallel, appears to execute a new 


instruction each machine cycle. 


1.1 Pipeline Operation 


The MN1030/MN103S pipeline has five stages. 
F : | 

instruction 
3 


DEC | 
x a 
we : : : 
Instruction fetch (IF): This stage reads in the instruction from memory 
Instruction decoding (DEC): This stage decodes the instruction. For some branch instructions, it 
also calculates the target address. 
Execution (EX): This stage performs the calculation or calculates the target address for 
the decoded instruction. 
Memory access (MEM): This stage accesses memory and updates PSW flags, if required by the 
instruction. 
Write-back (WB): This stage stores the calculation result in a register. If the instruction 


reads in data from memory, this stage aligns it, extends it, and stores the 


result in a register. 


The instruction fetch and instruction decoding stages access an instruction queue preloaded with instructions 
from memory. The instruction decoding stage does not start until this queue contains enough data to decode 
and execute the instruction. If the queue is empty (immediately after a branch, for example) or does not have 
all the bytes of an absolute address (abs) or immediate value (imm), the instruction decoding stage must wait 


at least one cycle. 


Instruction queue operation can normally be safely ignored by the programmer because the hardware 
automatically controls it. Calculating code execution times, however, requires careful consideration of its 


operation. 





For the AM31 and AM32 cores, accessing cachable memory takes both the memory access 


| and write-back stages. The write-back stage then aligns the data, extends it, and stores the 
| 
result in a register. 
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1.2 Register-to-Register (RR) Operations 


For register-to-register operations, the pipeline stages perform the following operations. 


DEC: This stage decodes the instruction. 

EX: This stage performs the calculation for the decoded instruction. 

MEM: _ If the instruction updates PSW flags, this stage does so based on the result of the preceding 
stage. 


WB: This stage stores the result in a register. 


The instructions in this group include addition, subtraction, logical operations, and shifts. 





IF )(next instruction } 





instruction decoding ' 


DEC ( } 3 | 








calculation 


flag updates 








MEM 


‘ write in registers 


WB 


1.3 Data Load Operations 


For data load operations, the pipeline stages perform the following operations. 
DEC : This stage decodes the instruction. 
EX: This stage calculates the load address and determines the corresponding address space. 
MEM: This stage loads the data from memory or, if the memory is cachable, initiates cache access. 
WB: This stage aligns the data, extends it, and stores the result in a register. If the memory is 


cachable, this stage reads the data from the cache before performing this operation. 


The instructions in this group include data transfers from memory into a register. 








IF ( )(nexe instruction } 
instruction decoding! 

DEC ( i ) 
address calculation: 


: , E_— 


; 
' memory read 


MEM )K } 
! '  alignment/extension/ ; 
write in registers 














WB 
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1.4 Data Store Operations 


For data store operations, the pipeline stages perform the following operations. 


DEC: This stage decodes the instruction. 


EX: This stage calculates the store address and determines the corresponding address space. 


MEM: This stage aligns the data and writes it to memory or, if the memory is cachable, initiates 


cache access. 


WB: This stage does nothing or, if the memory is cachable, writes the data to the cache. 


The instructions in this group include data transfers from a register to memory. 





IF ( }(nex instruction } 





instruction decoding: 


DEC ( i ) 








address calculation: 


 alignment/ 
| write in registers | yi } 





MEM 





WB 


1.5 Branching Operations 


For high-speed branching operations, the pipeline stages perform the following operations. 
DEC: This stage decodes the instruction and calculates the jump target address for use 


instruction there during the next machine cycle. 


EX: This stage does nothing. 
MEM: _ This stage does nothing. 
WB: This stage does nothing. 


The instructions in this group include conditional branches. 





( target instruction fetch ) ; 





DEC (ccal : (_ target ) | : 
‘instruction decoding ‘instruction | 
| faddress i“ | 

EX | | K \ K , 














in fetching the 
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For normal branching operations, the pipeline stages perform the following operations. 


DEC: 


EX: 


MEM : 


WB: 


This stage decodes the instruction. 

This stage calculates the jump target address for use in fetching the instruction there during 
the next machine cycle. 

This stage does nothing. 

This stage does nothing. 


The instructions in this group include unconditional branches using register indirect addressing. 


IF 


DEC | 


instruction 
| decoding 


MEM 


WB 





( target instruction fetch ) 





ca 


instruction 


a a ee 
i calculation 


a 
— | ‘ 




















1.6 Complex Instructions 


Complex instructions always require multiple cycles for the execution, memory access, and write-back 


stages to complete. The pipeline stages perform the following operations. 


DEC: 


EX: 


WB: 


This stage decodes the instruction. 

This stage performs the calculation for the decoded instruction and calculates the memory 
access address or jump target for use in fetching the instruction there during the next 
machine cycle. 

This stage stores the calculation result in a register or aligns the data read in from memory, 


extends it, and stores the result in a register. For some cycles, it can be idle. 


The instructions in this group include bit manipulations. 

















DEC (net) 
instruction : | instruction | : 
EX janes cal K } I } 
sen == 
WB 3 i ( } 
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1.7 Special Instructions 


Certain instructions—Lcc, SETLB, RET, and RETF, for example—teorder the later pipeline stages or bypass 


them with additional hardware to increase the execution speed. 


Pipeline operation for SETLB 








DEC ( )(next instruction) 


instruction decoding ' 


we | X — 


' LIR writing ° LAR writing — 








Pipeline operation for Lec 


IF ( (target+4) instruction ) 











DEC ( (target instructidn i 
instruction decodihg/ 


X LIR,LAR wiriting ! ff | 
MEM | : CC : 
. — J 
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1.8 Pipeline Stall 


A pipeline stall is any situation interfering with the lockstep execution of the five pipeline stages as de- 
scribed above—an instruction whose execution is delayed for hardware reasons or one which cannot begin 
execution until a preceding instruction has completed execution. 

The following examples illustrate such situations arising with load instructions. 


Data loaded required by next instruction Source code. 


[Example] 





[Theoretical pipeline operation] 


mov (a0), dO 
add do, dl 
inc4 a0 





[ IMPOSSIBLE pipeline operation ] 


memory read, data calculation start 





mov(a0),d0 add do, d1 inc4 a0 


( 





DEC { 





instruction decoding _ instruction decoding instruction decoding 

















EX i memory aM } 
address calculation data calculation 
MEM : 3 7 Nh 
| memory read 
WB : : ( i i 


alignment/extension/ 
write in registers 


memory read complete 





In this example, the ADD instruction immediately following the MOV instruction requires the data from 
data register DO. This arrangement does not execute as expected because the ADD instruction’s execution 
stage is simultaneous with the MOV instruction’s memory access stage, and the data from the latter is not 
available until one cycle later. As a result, the ADD instruction would use the old contents of DO—not what 


was intended. 
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[ Actual pipeline operation ] 




















tcycle late memory read data calculation start 




















mov(a0), dO add do, d1 inc4 a0 

5 re rng | : : 

instruction decoding instruction decoding J instruction decoding 

EX (}: | ( : 

address calculatidn imemory read/ 

; ‘data calculation! : | 

MEM ( ) ) 
we i oe eee ee, 





‘alignment/extension/ 
write in register 





memory read complete 











To ensure proper operation, therefore, the hardware inserts a 1-cycle delay so that the ADD instruction does 
not access DO until the preceding MOV instruction has finished loading it from memory. 


This type of gap in pipeline operation is called a pipeline stall. 


Pipeline stalls reduce throughput and thus execution speed. One way to eliminate such pipeline stalls is to 
separate the two instructions with another—by moving in INC4, in our example. The resulting delay allows 
the MOV instruction to load DO from memory by the time that the ADD instruction accesses that register, so 
the pipeline does not stall. It goes without saying, of course, that the inserted instruction (INC4 here) must 


not trigger a pipeline stall with the MOV instruction. 


[ Example ] 





[ Rearranged to eliminate pipeline stall ] 
mov (a0), dO 
inc4 a0 
add do, dl 











[ Pipleline operation (for above example)] 











memory read, data calculation start 


























mov(a0),d0 add do, d1 inc4 aO 

DEC | i K ! | ! 
instruction decoding instruction decoding instruction @coding 
EX ( N yA | | 
‘address calculation eas toad 
ao | data calculation 
MEM ( } 
| memory reac 

WB | ( i ; ) 





‘alignment/extension/ 
write in registers 











memory read complete 
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Dangerous Code Sequences 


The following table lists instruction variants and instruction sequences that must be strictly avoided because 


they lead to faulty operation. 















































Leading instruction Following instruction Relative position | Recommend Section Cores 
Load/store instruction a _ The result of the 2-1 AM30 
(d8,An), (d16,An),(d32,An), address calculation AM31 
(d8,SP), (16,SP),(d32, SP), must be in the 
MOV/MOVBU/MOVB/ same memory 
MOVHU/MOVH with address space as 
addressing mode of (Di, An) the address. 

IE/IM writing instruction Instructions AM30 
AND imm16,PSW, "a _ writing to IE and 2-2 AM31 
OR imm16, IM bits (after 2 AM32 
PSW, MOV Dm, PSW cycles) 

Flag update instruction Flag reference following required: more 2-3 AM30 
CLR,ADD(except imm,SP) | ADDC Dm,Dn, than 1 cycle AM31 
ADDC,SUB,SUBC,MULU, | supe Dm,Dn AM32 
DIV,DIVU,INC Dn,CMP, ROR Dm, 

AND(except imm16,PSW), | ROL Dn, 
OR(except imm16,PSW), Users’ optional 
XOR, NOT, BTST, BSET, for flag refer- 
BCLR, ASR, LSR, ASL, ence* 1 

ASL2, ROR, ROL, 

Users’ defined updating flags 

Flag writing instruction Flag reference required: more 
AND imm16, PSW, ADDC Dm,Dn __ [following than 2 cycles 2-4 AM30 
OR imm16, PSW, SUBC Dm,Dn ou 
MOV Dm, PSW ROR Dn AM32 

ROL Dn 
Users’ defned 
for flag reference* 

AO writing instruction 
MOV with AO writing MUL/MULU following required: more 2-5 AM30 
ADD writing result in AO Miter RyCreS 
SUB writing result in AO, 

INC, AO, INC4 AO 
CALLS label, JSR label 
— _ CALLS(d16,PC), 2-6 AM31 
JSR(d16,PC) is not 
available. 
MOVM [regs], (SP) 
users’ optional following required: more 27 AM31 
than 1 cycle 

IBSET/BCLR 

_ _ bus unlock: 2-8 AM31 
cachable region / AM32 





* Availability varies with model. 
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The descriptions in this section have the following components. 
[ Description ] 
These portions describe the problems and include pipeline operation diagrams. 


[ Icons | 


Se 


Warning: This icon indicates warnings that must always be observed. 


ASO or AMS These indicate the applicable microcontroller cores. 


[ Example ] 


These portions illustrate the problems with specific coding examples—both problematic versions that do 


not execute as expected and revised versions guaranteed to execute properly. 


[ Applicable Instructions ] 


These portions list the instruction variants and instruction sequences exhibiting the problem. 





The coding examples labeled “problematic” below do not necessarily always fail to yield the 
| expected results. If two instructions, A and B, must always be separated by at least one cycle, 
they will still execute as expected together if memory location, interrupts, and other factors 
conspire to delay the supply of instruction B to the pipeline. For “worst case” reliability, 


however, always use the revised version instead. 








For ease of clarification, the coding examples below use NOPs to separate instructions, but 
| these are not the only candidates. Any instruction in the vicinity that can be moved into the 
gap without changing program logic or presenting ordering problems of its own makes a 


better candidate. 
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2.1 Load/Store Instructions 


[ Description ] 





To speed memory access, load/store instructions assume that the memory space accessed is that of the base 


Q 


Notes 


ae 
ie 











address, so determine it from that in an operation that runs parallel to the address calculation. If the result is 
in a different memory space, however, faulty operation results. To avoid this problem, always make sure that 


the base address and the result are in the same memory space. 








address determined 
for accessed space 


accessing space 
starts 





















DEC 


instruction decod\ 


EX 


‘calculation 


MEM 


: memory access 


WB 
[ Example ] 





Problematic Version 


mov 0x20, a0 
mov (0x80000000,a0), dO 














address calculation result 
a0+0x8000000 
=0x8000020 


external memory space 


base address 
a0=0x00000020 








ROM/RAM/Flash memory, internal data RAM space 
with Cache 





cachable region for data 


uncachable region 




















different 





This code does not execute as expected because the base address and the result are in different memory spaces. 





Revised Version 


mov 0x80000000, a0 
































mov (0x20, a0), dO 
base address address calculation result 
a0=0x00000020 a0+0x8000000 
=0x8000020 
ROM/RAM/Flash memory) internal data RAM space | external memory space 
with Cache cachable region for data uncachable region 











| same 


This code executes without problem because the base address and the result are in the same memory space. 


[ Applicable Instructions ] 
MOV, MOVBU, MOVB, MOVHU, and MOVH with the following addressing modes 




















Addressing Modes Base Address 
(d8,An)/(d16,An)/(d32,An) An 
(d8,SP)/(d16,SP)/(d32,SP) SP 
(Di,An) An 
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2.2 Instructions Writing to IE and IM Bits 


[ Description ] 


i) 





Notes 


The use of a pipeline means that instructions writing to the interrupt enable (IE) and interrupt mask (IM) bits 


in the Processor Status Word (PSW) do not take effect until the write-back stage, two cycles after the execu- 


tion stage. To put it another way, these instruction must precede by two cycles the code segment where such 


changes—enabling or disabling interrupts, for example—are to take effect. 


Within two cycles after executing an instruction to change the IE and IM bits, an interrupt can be accepted 


or according to the setting before the changes. In this case, the values of PSW saved in the stack on the interrupt 


are based on the values after the instruction changed. 


instruction decoding 


IE/IM update in effect 

















EX 
MEM } 
me : write to PSW 
IE/IM update 
[ Example 1 complete 
Problematic Version 
and Oxf7ff,psw 
mov (a0),d0 or 
and Oxt7ff,psw 
nop 
mov (a0),do 











Although the intention is to disable interrupts, because of the delay in updating the IE bit in the PSW, interrupts 


are still enabled when the MOV instruction starts executing. 








Revised Version 
and Oxf7ff,psw 
nop 
nop 
mov (a0),do 








Here the MOV instruction can never be pre-empted by an interrupt. 


[ Applicable Instructions ] 


AND imm16,PSW, OR imm16,PSW, MOV Dm,PSW 
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2.3 Sequences Updating and Referencing PSW Flags 


[ Description ] 





The use of a pipeline means that instructions updating PSW flags do not take effect until the memory access 
stage, one cycle after the execution stage. There must, therefore, be a gap of at least one cycle before any 


instructions can correctly reference those PSW flags. 





updating flag available 








one cycle gap 





pec {sid “( 


$9¢ic 


instruction updating PSW flags instruction refering PSW flags ' 





instruction decoding instruction decoding 
EX | _- : 
calculaion ' calculation | 
flagdetemination MB ! : 

WB | i 





flag updates complete 











[ Example ] 





[ Problematic Version ] 














add d0o,d1 
addc d2,d3 
Because the ADDC instruction starts executing before the ADD instruction has updated the carry flag, it 
uses the old contents of the carry flag. 
[ Revised Version | 
add d0o,d1 
nop 
addc d2,d3 











The ADDC instruction uses the properly updated contents of the carry flag. 


[ Applicable Instructions ] 

<Instructions setting PSW flags> CLR; ADDC; SUB; SUBC; MUL; MULU; DIV; DIVU; CMP; 
XOR; NOT; BTST; BSET; BCLR; ASR; LSR; ASL; ASL2; ROR; 
ROL; ADD (except ADD imm, SP) AND (except AND imm 16, 
PSW) INC Dn OR (except OR imm16, PSW) User defined 
instructions setting PSW flags* 

<Instructions referencing PSW flags> User defined instructions referencing PSW flags* 


( Availability varies with model. ) 
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2.4 Sequences Writing to and Referencing PSW Flags 


[ Description ] 








a 








The use of a pipeline means that instructions writing to PSW flags do not take effect until the write-back 


Notes stage, two cycles after the execution stage. There must, therefore, be a gap of at least two cycles before any 


instructions can correctly reference those PSW flags. 





instruction refering 


al 
or PSW flags 
eal —_ 














- . 3, 2cyclesgap 
instruction writing to 
PSW flag 


DEC ( er : 


MEM 


' available ' 
WB 3 : ! | 
: : write to PSW flags 


flag updates 

















complete 
[ Example ] 
Problematic Version 
mov d0,psw 
addc d2,d3 or 
mov d0, psw 
nop 
addc d2,d3 








Because the ADDC instruction starts executing before the MOV instruction has updated the carry flag, 


it uses the old contents of the carry flag. 








[ Revised Version | 
mov d0,psw 
nop 
nop 
addc d2,d3 








The ADDC instruction uses the properly updated contents of the carry flag. 


[ Applicable Instructions ] 
<Instructions writing to PSW flags> AND imm16, PSW; OR imm16, PSW; MOV Dm, PSW 


<Instructions referencing PSW flags> User defined instructions referencing PSW flags* 


(* Availability varies with model.) 
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2.5 MUL/MULU after Write to AO 


[ Description ] 


To boost execution speed, the AM30 versions of the MUL and MULU instructions modify pipeline opera- 


tion in a way that interacts with the address register AO. As a result, there must be a gap of at least two cycles 


after any instruction that writes to AO before these two instructions. Example 


[Example ] 





[ Problematic Version ] 


mov 
mul 


mov 
nop 
mul 





0x12345678,a0 
do,d1 or 


0x12345678,a0 





do,d1 


Assembling the source file (program.asm) containing the above code with the -mno-nopmul command 


line option produces object code reflecting the source code exactly as written— 


as103 -mno-popmul program.asm 





that is, no additional NOPs. This object code, however, does not always perform as intended. 





[ Revised Version | 
MOv 
nop 
nop 
mul 





0x12345678,a0 


do,d1 








Inserting the necessary NOPs or assembling the source file with the -mnopmul command line option 


produces object code with the necessary two-cycle gap and thus guaranteed to execute properly. 





as103 -mnopmul program.asm 








specifying these options is to insert two NOPs between Instruction writing to Ao and MUL/ 
NULU and generate the object files. 





The assembler defaults to the -mnopmul command line option. 





[ Applicable Instructions ] 


<Instruction writing to AO> 


all MOV, ADD, and SUB instructions writing to AO; INC AO; INC4 AO 
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2.6 Displacements with CALLS and JSR (AM31 Only) 


I 
[ Description ] 


Notes To boost execution speed, the AM31 versions of the CALLS and JSR instructions modify pipeline operation 
in a way that prevents the use of 16-bit displacements. The CALLS (d16, PC) and JSR (d16, PC) variants are 


not available, so use the d32 variants instead. 





The command line option for disabling the use of such 16-bit displacements is -mlongcalls. 


[ Example ] 
Assembling the source file (program.asm) containing the above code with the -mlongcalls command 


line option produces object code reflecting the source code exactly as written— 





as103 -mlongcalls program.asm 











specifying these option is to generate the object files as CALL(d32,PC) or JSR(d32,PC) without using 
CALLS(d16,PC) ir JSR(d16,PC) 

[ Applicable Instructions ] 

CALLS (d16,PC), JSR (d16,PC) 
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2.7 User Defined Instructions after MOVM [regs]. (SP) (AM31 Only) 
q [ Description ] 


Notes To boost execution speed, the AM31 version of MOVM [regs], (SP) modifies pipeline operation in a way 











3 that introduces a structural dependency with immediately following user defined instructions (UDFnn and 


UDFUnn). As a result, there must be a gap of at least one cycle between the two. 





[ Example ] 
[ Problematic Version ] 
movm [regs], (SP) 
udf00 do, di 











Assembling the source file (program.asm) containing the above code with the -mno-nopmovm com- 


mand line option produces object code reflecting the source code exactly as written— 





as103 -mno-nopmovm program.asm 





that is, no intervening NOP. This object code, however, does not always perform as intended. 








[ Revised Version | 
movm [regs], (SP) 
nop 
udf00 do, d1 








Inserting the necessary NOP or assembling the source file with the -mnopmovm command line option 


produces object code with the necessary one-cycle gap and thus guaranteed to execute properly. 





as103 -mnopmovm program.asm 











Specifying these options is to insert one NOP between MOVM[regs],(SP) and UDFnn/UDFUnn and 


generates the object files. 





The assembler defaults to the -mnopmovm command line option. 





[ Applicable Instructions ] 
<Leading instruction> MOVM[regs], (SP) 
<User defined instructions> (UDFnn and UDFUnn)* 


(* Availability varies with model. ) 
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2.8 BSET and BCLR with Cachable External Memory 
< [ Description ] 


The bit manipulation instructions BSET and BCLR, because of their importance to semaphore management, 
normally lock the bus for exclusive CPU use while they execute. The AM31 and AM32 versions, however, 
AMT do not lock the bus for operations on data in the cachable region of external memory because the operations 
bypass the bus, accessing the cache, not the memory itself. 


AMS. [ Applicable Instructions ] 


BSET, BCLR 














Notes 
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Code Sequences to Avoid 


The following table lists instruction variants and instruction sequences that should be strictly avoided because 


they lead to pipeline stalls and thus lower throughput. 

































































Leading instruction | Following instruction | Relativeposition Recommend Section Cores 
Instructions needs ; : allocate in cachable region 3-1 nae 
to execute with of locked external memory ov 
high-speed space AM32 
Loard/Store : The result of the address 3-2 pM 
(d8,An),(d16,An), calculation should be in the 

(d32,An), (d8,SP) same memory address 

(d16,SP),(d32,SP), space as the address in the 

MOV/MOVE! base register. 

MOVB/MOVHU/ 

MOVH with 

addressing mode of 

(Di,An) 

Lec all instructions target(branch) Arrange short instructions | 3-3(1) AM30/ 
with low per-cycle AM31 
consumption rates at AM32 
branch target (start of 3-3(2) AM30/ 

target(branch loop) at 8n-4+m for small AM31AM32 
values of m. 

except Lec : 

following Arrange short instructions | 3-3(3) AM30/ 

Bcc and Lec AM31 
with low per-cycle con- 
sumption rates at branch tar- BMO2 
get at 8n+m for small val- 
ues of m. 

Arrange short instructions | 3-3(4) AM30/ 
all except target : 
with low per-cycle AM31 

(branch) 
consumption rates AM32 
immediately after branch 
instruction. 

Loard instructions using | following insert 2 cycles Am31/ 

(DCBYPS=0 in loaded data, without 3-4(1) AM32 

cachable region of imm32/d32/abs32 

the external memory | !"Stuctions using insert 1 cycle 3-4(2) Am31/ 

space) loaded data, with AM32 

d32 
instructions storing insert 1 cycle 3-4(3) Am31/ 
loaded data without AM32 
d32/abs32 
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Leading instruction Following instruction Relativeposition Recommend Section} Cores 
Loard instructions using word data following : 3-4(4) |AM30/AM31 
. insert 2 cycles 
(DCBYPS=1 in loaded by LDUSE bit=1 ae 
cachable region of , without imm32/d32/abs32 
the extenal memory _| instructions using word data : 3-4(5) 
insert 1 cycle AM30/AM31 
space, uncachable loaded by LDUSE bit=1, with AM32 
region of the extenal \d32 
memory, instructions using word data 3-4(6) | AM30/AM31 
ROM space, loaded,by LDUSE bit=0, without : AM32 
insert | cycle 
RAM space, imm32/d32/abs32 
I/O space, or instructions using byte/half-byte 3-47) | 43130/AM31 
uncachable in the data loaded without imm32/d32/ : AM32 
insert 2 cycles 
external memory abs32 
space) instructions using byte/half-byte insert 1 ¢ycle 3-4(8) oo 
data loaded with d32 
instructions storing loaded data, SUEUR EEG 
withd32/abs32 insert 1 cycle | 3-4(9) AM32 
DIV/DIVU instructionsusing contents of Dn following 
(dividend equals as 0) | for leading DIV/DIVU, without insert 2 cycle | 3-5(1) |AM30/AM31 
imm32 d32/abs32 AM32 
instructions using contents of Dn 
for leading DIV/DIVU insert 1 cycle | 3-5(2) nae 1 
instructions storing contents of Dn 
for leading DIV/DIVU, without insert 1 cycle | 3-5(3) | AM30/AM31 
imm32/d32/abs32 mee 
SETLB Lec following insert 3 cycles AM30/AM31 
3-6(1) AM32 
MOVM(SP),regs following insert 3 cycles | 3-6(2) | AM30/AM31 
RET/RETF return AM32 
MOVM(SP), regs SETLB following insert 1 cycle 3-7 AM30/AM31 
RET/RETF return AM32 
MOV Dm,MDR RETF following insert 3 cycles | 3-8(1) |AM30/AM31 
EXT, MUL/MULU _ eS 
DIV/DIVU following insert 2 cycles | 3-8(2) |AM30/AM31 
CALL/CALLS target (branch) AM32 
MOVM(SP),regs following insert 3 cycles | 3-8(3) |AM30/AM31 
RET/RETF return AM32 
CALL/CALLS MOV MDR,Dn target(branch) | insert 2 cycles | 3-9 —|AM30/AM31 
DIV/DIVU AM32 
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The descriptions in this section have the following components. 
[ Description ] 


These portions describe the recommendations—with pipeline operation diagrams as necessary. 


[ Icons | 


High-speed: This icon indicates a recommendation for boosting throughput by avoiding pipeline 


stalls. 
High-speed 
or ir or These indicate the applicable microcontroller cores. 
[ Example ] 


These portions illustrate the recommendations with specific coding examples—both problematic versions 


that produce pipeline stalls and revised versions that run faster by avoiding pipeline stalls. 


[ Applicable Instructions ] 


These portions list the instruction variants and instruction sequences covered by the recommendation. 





For ease of clarification, the coding examples below avoid pipeline stalls by moving INC 
| instructions, but these are not the only candidates. Any instruction in the vicinity that can be 
7 moved into the gap without changing program logic or presenting ordering problems of its 


own makes a suitable candidate. 
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3.1 Time-Critical Code 





[ Description ] 





+) 








High-speed To extract maximum performance from the pipeline, the hardware must be able to fetch instructions 
fast enough to keep the instruction queue supplied. This means, in turn, locating interrupt handlers 
and other portions requiring the fastest response as well as libraries and other frequently used portions 
in the internal program ROM, internal RAM, or cachable portions of external memory. Models with 
onboard cache, for example, can enjoy a performance boost by locking the cache with the external 


memory containing such code. 


969 





[ Example ] 
_ TEXT section CODE, PUBLIC,1 
sub_func 
mov 0,d0 
rts 
end 








The following command line relocates the machine code for the above source code (program.asm) to 


boost its execution speed. 





as103-o program.rf program.asm 
Id103-T@CODE=50000000 -o program.ex program.rf 











The above command line generates an executable file (program.ex) with the corresponding machine 
code starting at address 0x50000000. For a model with onboard ROM, RAM, and Flash memory, the 
best choice of address is within the internal program ROM; for a model with onboard cache, in the 


cachable portions of external memory. 
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3.2 Load/Store Instructions 


i> [ Description ] 


High-speed To speed memory access, load/store instructions assume that the memory space accessed is that of 














the base address, so determine it from that in an operation that runs parallel to the address calcula- 
oor tion. If the result is in a different memory space, however, the hardware must repeat the memory 
space determination, a step that takes an additional cycle. For maximum throughput, always make 


sure that the base address and the result are in the same memory space. 





































































































start of memory space access address 
determination available 
pec ( 
instruction decoding 
EX i ) 
calculation 
MEM ! ! | 
1 1 memory access ! 
[ Example ] WB | ! ! 
[ Problematic Version ] 
mov 0x20,a0 
mov (0x80000000,a0),d0 
base address address calculation result 
a0=0x00000020 a0+0x8000020 
ROM/RAM/Flash memory internal data RAM space _ | external memory space 
with Cache cachable region for data | uncachable region 
-— different 
This code executes slower because the base address and the result are in different memory 
spaces. 
[ Revised Version | 
mov 0x80000000,a0 
mov (0x20,a0).d0 
base address address calculation result 
a0=0x80000000 0x20+a0=0x80000020 
ROM/RAM/Flash memory internal data RAM space | external memory space 
with Cache cachable region for data | uncachable region 
same 








This code executes at maximum speed because the base address and the result are in the same 
memory space. 

[ Applicable Instructions ] 

MOV, MOVBU, MOVB, MOVHU, and MOVH with the following addressing modes 














Addressing mode base address 
(d8,An)/(d16,An)/(d32,An) An 
(d8,SP)/(d16,SP)/(d32,SP) SP 
(Di,An) An 
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3.3 Instructions Following Branch and Other Instructions 


i (1) Lec Branch Targets 
[ Description ] 


High-speed 














Because the instruction fetch hardware uses 8-byte alignment and the Loop Instruction Register (LIR) 
holds the first four bytes of the loop, arranging short instructions with low per-cycle consumption 


rates at the branch target (start of loop) at addresses 8n-4+m for small values of m produces higher 


or throughput. 


[ Example ] 
align 8 
mov 0x00,a0 
clr do 
setlb 
mov d0,(a0) sinstruction at address 8n-4 
mov d0,(0x10,a0) 
mov d0,(0x20,a0) sinstruction at address 8n 
mov d0,(0x30,a0) 
inc4 a0 
cmp 0x10,a0 
lt 











Instruction at address 8n The above example shows a branch target at an address four bytes before a 
fetch boundary (8n-4). The SETLB instruction therefore loads the Loop Instruction Register (LIR) 
with the two instructions MOV DO, (AO) and MOV DO, (0x10,A0) and the Loop Address Register 
(LAR) with the boundary address (8n). When the Lcc instruction (LLT in this example) starts execut- 
ing these instructions, it also simultaneously triggers a fetch of a full eight bytes, ensuring an ample 
supply of instructions and thus preventing a pipeline stall—for models using onboard ROM for in- 


structions and onboard RAM for data and onboard cache models with no hits, anyway. 


[ Applicable Instructions ] 


<Leading instruction> Lec 


<Target(branch)> any instructions 
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High-speed 


— 
a 
— 
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(2) Branch Targets Other than Lec 
[ Description ] 


Because the instruction fetch hardware uses 8-byte alignment, arranging short instructions with low 
per-cycle consumption rates at the branch target at addresses 8n+m for small values of m produces 


higher throughput. 


[ Example ] 





align 8 

nop 

nop 

nop 

nop 

nop 

mov 0x00,a0 

clr do 
LABEL mov d0,(a0) ‘instruction at address 8n 

mov d0,(0x10,a0) 
mov d0,(0x20,a0) 
mov d0,(0x30,a0) 
inc4 ad 
cmp 0x10,a0 
bit LABEL 








The above example shows a branch target at a fetch boundary (8n). When the branch instruction (BLT 
in this example) starts executing these instructions, it triggers a fetch of a full eight bytes, ensuring an 
ample supply of instructions and thus preventing a pipeline stall—for models using onboard ROM 


for instructions and onboard RAM for data and onboard cache models with no hits, anyway. 
[ Applicable Instructions ] 


<Leading instruction> Bec, JMP, CALL, CALLS, RET, RETF, RETS, RTI, TRAP 
<Target(branch)> Any instructions 
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(3) Instructions Following Bcc or Lcc 





[ Description ] 


Arranging short instructions with low per-cycle consumption rates after a conditional branch in- 


struction maximizes supply, producing higher throughput. 





[ Example ] 
blt LABEL 
mul do,d1 Two-byte instruction requiring multiple cycles to execute 











The above example shows a MUL instruction executed when the branch instruction (BLT in this 


$945 


example) fails. Because the instruction requires multiple cycles, the core has time to fetch more 


instruction bytes, ensuring a better supply and thus higher throughput. 


[ Applicable Instructions ] 
< Leading instruction> Bcc or Lec 


<Target(branch)> Any instructions 


(4 Instructions Following Non-Branch Instructions 





Ls 


; [ Description ] 
High-speed 
Grouping long instructions together risks having instruction queue consumption outstrip supply. 


For higher throughput, try to even out the consumption rate. 





ANOS [ Example ] 

or mov 0x12345678,d0 six-byte instruction 
mov (a0),d1 one byte instruction 
inc do one byte instruction 

ANGE add do,d1 one byte instruction 
mov Ox9abcdef0,d2 six-byte instruction 











The above example shows such a separation. This arrangement evens out the consumption rate, 


preventing pipeline stalls with the longer instructions and thus delivering higher throughput. 


[ Applicable Instructions ] 

<Leading instruction> Any instruction except Bcc, Lec, JMP, CALL, CALLS, RET, RETF, 
RETS, RTILTRAP 

<Target(branch) Any instructions 
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C 


High-speed 


al 
a 





pee (J *#—___ > 


3.4 Instructions Following Load Instructions 


Load instructions normally require two cycles (memory access and write-back stages) to retrieve 
the data from memory, so closely following instructions requiring that data for operands can stall 
the pipeline. 

Load instructions accessing cachable external memory initiate the cache access during the memory 
access stage and retrieve the data from the cache during the write-back stage. Those accessing other 
memory types (uncachable external memory, internal ROM, internal RAM, internal I/O region, or 
external memory for models without onboard cache) retrieve the data from memory during the 


memory access stage and align, extend, and write that data to a register during the write-back stage. 


Setting the DCBYPS bit in the core’s Memory Control Register (MEMCTRC) to “1” can, for mod- 
els with operating frequencies low enough, shorten the cache initiate and retrieve process to a single 
cycle in certain circumstances. For further details, refer to the documentation for the particular 
device. 

Setting the LDUSE bit in MEMCTRC to “0” makes a word (imm32, d32, or abs32) available for a 
calculation (address or otherwise) in following instructions after a single cycle for the following 
memory types (abbreviated to “any” in the rest of this section): cachable external memory with 
DCBYPS = 1, uncachable external memory, internal ROM, internal RAM, internal I/O region, and 
external memory for models without onboard cache—in other words, all types except cachable 
external memory with DCBYPS = 0. For further details, refer to the documentation for the particu- 


lar device. 


(1) Cachable Memory, DCBYPS = 0, Follower without imm32/d32/abs32 
[ Description ] 


To prevent pipeline stalls, we recommend inserting at least two cycles when the DCBYPS bit is 
“0,” the leading instruction accesses cachable external memory, and the following instruction uses 


the loaded data other than as imm32, d32, or abs32 in its calculations. 





cache data 
available 











aa/GesOep register-to-register instruction 


load without 32-bit immediate valud, 





instruction decoding instruction 














| decoding | 
EX {}: 3 a: | 
calculation | ; cache readout, | 
| data calculation | 
MEM | : | : 
' cache access ! ! ' 
we : | { : —- 
‘ : cache readout/ 
alignment/extension 
of memory data/ 
register write cache readout 
complete 
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[ Example ] 

Problematic Version 
inc a2 
mov (a0),dO : Load instruction 
inc a3 
add d1,do : Instruction using loaded data other than as imm32, d32 or abs32 

or 

inc a2 
inc a3 
mov (a0),d0 : Load instruction 
add d1,do I: nstruction using loaded data other than as imm32, d32 or abs32 
Retrieving and aligning the data from the cache takes two cycles, so the pipeline stalls until 
the data loaded with the MOV instruction is available to the ADD instruction. 

Revised Version 
mov (a0),d0 : Load instruction 
inc a2 
inc a3 
add d1,do : Instruction using loaded data other than as imm32, d32 or abs32 











The data loaded with the MOV instruction is available to the ADD instruction, so the pipeline 


does not stall. 


[ Applicable Instructions ] 

<Leading instruction> All load variants of MOV, MOVBU, MOVB,* MOVHU, and MOVH* 
(* The MOVB Mem, Reg and MOVH Mem, Reg variants require only a one- 
cycle gap.) 

<Following instruction> Any instruction using the loaded data other than as imm32, d32, or abs32 in its 
calculations except the following; MOV PSW,Dn, MOV Dm,PSW, 
AND imm16,PSW, OR imm16,PSW, Bec, Lec, JMP, TRAP, NOP. 





Here cachable external memory refers to the cachable portions of AM31 or AM32 external 
1 memory. 
Lt] 
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(2) Cachable Memory, DCBYPS = 0, Follower with d32 


High-speed [ Description ] 


To prevent pipeline stalls, we recommend inserting at least one cycle when the DCBYPS bit is “0,” 
Gr the leading instruction accesses cachable external memory, and the following instruction uses the 


data together with a 32-bit displacement [imm32?] operand. 




















cache data 
available 
1cycl ‘ eer ‘ 
eyeis gap register-to-register instruction 
load with 32-bit immediate value 
pec (+ i 
instruction decoding: 32-bit immediate instruction! | 
' value read ; decoding | { 
EX _ | — 
‘calculation | ' cache readout, | 


cache access | : : : 
WB : ! + 3 — 


cache readdut/ 
alignment/extension 


























of memory data/ 
register write cache readout 
[ Example 1 complete 
[ Problematic Version | 
inc al 
mov (a0),d0 Load instruction 
add 0x12345678,d0 Instruction using loaded data and 32-bit 
displacement d32 operand 
Retrieving and aligning the data from the cache takes one cycle, so the pipeline stalls 
| until the data loaded with the MOV instruction is available to the ADD instruction. 





[ Revised Version | 


mov (a0),d0 Load instruction 
inc al 
add 0x12345678,d0 Instruction using loaded data and 32-bit 


displacement d32 operand 











The data loaded with the MOV instruction is available to the ADD instruction, so the 


pipeline does not stall. 


[ Applicable Instructions ] 


<Leading instruction> All load variants of MOV, MOVBU, and MOVHU 
<Following instruction> MOV, MOVBU, and MOVHU variants with 32-bit operands (d32). 





Here cachable external memory refers to the cachable portions of AM31 or AM32 
C external memory. 
Lt] 
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(3) Cachable Memory, DCBYPS = 0, Follower Storing without d32/abs32 


[ Description ] 


To prevent pipeline stalls, we recommend inserting at least one cycle when the DCBYPS bit is “0,” 


the leading instruction accesses cachable external memory, and the following instruction stores the 


data without using a d32 or abs32 operand. 





cache data 
available 











icveleaa Store instruction 
load vere gap without 32-bit immediate value 


instruction decoding: ' instruction 


| decoding 
EX ae 





DEC 























calculation | calculation | 
MEM a a: : 
cache access _ | | Cache access | 
WB { a, 
cache readout/ zi write cache = 
alignment/extension readout-data 
of memory data/ 
register write cache readout 
complete 
[ Example ] 
[ Problematic Version | 
inc al 
mov (a0),d0 ~—_Load instruction 
mov d0,(ai) ‘Instruction storing loaded data without d32/abs32 operand 
Retrieving and aligning the data from the cache takes one cycle, so the pipeline stalls 
| until the data loaded with the first MOV instruction is available to the second MOV 
instruction. 





[ Revised Version | 


mov (a0),d0 _—_Load instruction 
inc al 
mov d0,(a1) 


Instruction storing loaded data without d32/abs32 operand 








The data loaded with the first MOV instruction is available to the second MOV instruc- 


tion, so the pipeline does not stall. 


[ Applicable Instructions ] 


<Leading instruction> 
<Following instruction> 


operands 


All load variants of MOV, MOVBU, and MOVHU 
MOV, MOVBU, MOVB, MOVHU, and MOVH store without d32/abs32 





external memory. 


( 


Here cachable external memory refers to the cachable portions of AM31 or AM32 
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(4) Other Memory, LDUSE = 1, Word Data, Follower without imm32/d32/abs32 


Here “other” means all memory types except cachable external memory with DCBYPS = 0. 





+ 








elgneepesd [ Description ] 


To prevent pipeline stalls, we recommend inserting at least two cycles when the LDUSE bit is “1,” 
the leading instruction loads a word, and the following instruction uses the loaded data other than as 


imm32, d32, or abs32 in its calculations. 





cache/memory 
readout-data available 
















$09 


2-cycle gap RP without 32-bit 
load immediate value 
Bee 


instruction decoding: instruction 


! i decoding i ' 
EX = | a) : 
‘calculation ‘calculation | cache/memory 
MEM ( ‘cache access} ' 


cache/memory | 


: > : — 
WB i 


alignment/extension 
of memory data/ 
register write 





alignment/extension 











[ Example ] uals Se 
[ Problematic Version ] 

inc a2 

mov (a0),d0 Load instruction 

inc a3 

add d1,d0 Instruction using loaded data other than as imm32, d32 or 
abs32 
or 

inc a2 

inc a3 

mov (a0),d0 ~—_Load instruction 

add d1,d0 Instruction using loaded data other than as imm32, d32 or 
abs32 











Retrieving and aligning the data from the cache or memory takes two cycles, so the pipeline 
stalls until the data loaded with the MOV instruction is available to the ADD instruction. 





[ Revised Version ] 
mov (a0),d0 _—_Load instruction 
inc a2 
inc a3 
add d1,d0 Instruction using loaded data other than as imm32, d32 or 
abs32 











The data loaded with the MOV instruction is available to the ADD instruction, so the pipeline 


does not stall. 
[ Applicable Instructions ] 


<Leading instruction> All load variants of MOV 

<Following instruction> Any instruction using the loaded data other than as imm32, d32, or abs32 
in its calculations except the following; MOV PSW,Dn , MOV Dm,PSW, 
AND imm16,PSW, Bcc, Lec, JMP, TRAP, NOP. 


132 Code Sequences to Avoid 


Chapter 3 Usage Notes 





(5) Other Memory, LDUSE = 1, Word Data, Follower with d32 





+ 








Hianeeeeed Here “other” means all memory types except cachable external memory with DCBYPS = 0. 


[ Description ] 
To prevent pipeline stalls, we recommend inserting at least one cycle when the LDUSE bit is “1,” the leading 


instruction loads a word, and the following instruction uses the data together with a 32-bit displacement [imm32?] 


operand. 
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cache/memory 
readout-data available 











1 cycle gap RP without 32-bit 
load immediate value 


Dec {gg i 




































instruction decoding, '32-bit immediate | instruction | 
‘valuereadout | decoding =! 
| calculation | ‘ cache/memory 
' readout/ | 
MEM { ' cache access ( 
' cache/memory | ! } { 
WB | 
; ; alignment/extension ; 
of memory data/ 
register write 
alignment/extension 
of memory data 
complete 
[ Example ] 
[ Problematic Version | 
inc al 
mov (a0) ,d0 Load instruction 
add 0x12345678,d0 Instruction using loaded data and 32-bit displacement 
operand 
Retrieving and aligning the data from the cache or memory takes one cycle, so the pipeline 
stalls until the data loaded with the MOV instruction is available to the ADD instruction. 
[ Revised Version | 
mov a(0),d0 Load instruction 
inc al 
add 0x12345678,d0 Instructions using loaded data and 32-bit 





displacement operand 





The data loaded with the MOV instruction is available to the ADD instruction, so the pipeline 


does not stall. 


[ Applicable Instructions ] 

<Leading instruction> All load variants of MOV 

<Following instruction > MOV, MOVBU, and MOVHU variants with 32-bit displacement 
operands, ADD imm32,Dn, OR imm32,Dn, XOR imm32,Dn, 
BTST imm32,Dn, UDFnn imm32,Dn, UDFUnn imm32,Dn. 
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(6) Other Memory, LDUSE = 0, Word Data, Follower without imm32/d32/abs32 


Here “other” means all memory types except cachable external memory with DCBYPS = 0. 


+ 











High-speed [ Description ] 


To prevent pipeline stalls, we recommend inserting at least one cycle when the LDUSE bit is “0,” 


the leading instruction loads a word, and the following instruction uses the loaded data other than 


ANT as imm32, d32, or abs32 in its calculations. 


RP without 32-bit 
1 | : 
load eyce gap immediate value 


DEC (ec —$ jo ( 





cache/memory 
readout-data available 















instruction decoding: instruction 
‘ } decoding 
EX —— : 
i calculation 1 1 cache/memory ; t 
i | | readout/ i ' 
MEM 1 { cache access | } 


cache/memory | 


WB 
! ' J alignment/extension : 
of memory data/ 


register write 





memory readout 
complete 











[ Example ] 





[ Problematic Version | 


inc al 
mov (a0),d0 Load instruction 
add d1,do Instruction using loaded data other than as imm32, d32 





or abs32. 








Retrieving and aligning the data from the cache or memory takes two cycles, so the 


pipeline stalls until the data loaded with the MOV instruction is available to the ADD 





instruction. 
[ Revised Version | 
mov (a0),d0 Load instruction 
inc al 
add d1,do Instruction using loaded data other than as imm32, d32 
or abs32. 











The data loaded with the MOV instruction is available to the ADD instruction, so the 


pipeline does not stall. 


[ Applicable Instructions ] 

<Leading instruction> All load variants of MOV 

<Following instruction> —_ Any instruction using the loaded data other than as imm32, d32, or 
abs32 in its calculations except the following; MOV PSW,Dn, 
MOV Dm,PSW, AND imm16,PSW, OR imm16,PSW, Bcc, Lec, 
JMP, TRAP NOP. 
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(7) Other Memory, Non-Word Data, Follower without imm32/d32/abs32 


Here “other” means all memory types except cachable external memory with DCBYPS = 0. 





i+ 


(2) 
Oo 
jon 


[ Description ] 


To prevent pipeline stalls, we recommend inserting at least two cycles when the leading instruction 
loads a byte or half-word, and the following instruction uses the loaded data otk 


d32, or abs32 in its calculations. 





memory 
readout-data available 











969 


Repeid exp RP without 32-bit 





load immediate value 
DEC Co) ( } 
; 7 i$ ae 
instruction decoding: ' instruction : 
i : decoding 
: calculation i | Cache/memory | I 
i : 1 readout/ i i 
MEM 1 { cache access | } 


cache/memory } 


— =a 
WB ! ! | 4 3 ! 


alignment/extension 
of memory data/ 
register write 





alignment/extension 














complete 
[ Example ] 
[ Problematic Version | 
inc al 
movbu (a0),d0 Load instruction 
inc a2 
add d1,do Instruction using loaded data other than as imm32, d32 
or 
abs32 
or 
inc al 
inc a2 
movbu (a0),d0 Load instruction 
add d1,do Instruction using loaded data other than as imm32, d32 
or abs32 











Retrieving and aligning the data from the cache or memory takes two cycles, so the 
pipeline stalls until the data loaded with the MOV instruction is available to the ADD 


instruction. 


[ Revised Version | 


movbu (a0),d0 Load instruction 
inc al 
inc a2 





add d1,d0 Instruction using loaded data other than as imm32, d32 or abs32. 








The data loaded with the MOV instruction is available to the ADD instruction, so the 


pipeline does not stall. 
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[ Applicable Instructions ] 


<Leading instruction> 


<Following instruction> 


Code Sequences to Avoid 


All load variants of MOV, MOVBU, MOVB,* MOVHU, and 
MOVH* (* The MOVB Mem, Reg and MOVH Men, Reg variants 
require only a one-cycle gap.) 

Any instruction using the loaded data other than as imm32, d32, or 
abs32 in its calculations except the following; MOV PSW,Dn, 

MOV Dm,PSW, AND imm16,PSW, OR imm16,PSW, Bec, Lec, JMP, 
TRAP, NOP. 














High-speed 
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(8) Other Memory, Non-Word Data, Follower with d32 


Here “other” means all memory types except cachable external memory with DCBYPS = 0. 
[ Description ] 


To prevent pipeline stalls, we recommend inserting at least one cycle when the leading instruction 


loads a byte or half-word, and the following instruction uses the data to -bit displace- 





ment [imm32?] operand. 
cache/memory 
readout-data available 











RP without 32-bit 














1 cycle ga 
load ee immediate value , 
DEC | <——p | \( 
instruction decoding: 32-bit immediate | instruction 
; ‘value readout decoding 1 
EX ae: 3 } | 
i calculation — | | cache/memory _! 
MEM H 1 | cache access i | 
| cache/memory ; : : 
WB 
alignment/extension : 
of memory data/ 
register write 
alignment/extension 
of memory data 
[ Example ] complete 














[ Problematic Version | 


inc al 
movbu (a0),d0 Load instruction 
add 0x12345678,d0 Instruction using loaded data and 32-bit 








displacement operand 





Retrieving and aligning the data from the cache or memory takes one cycle, so the 
pipeline stalls until the data loaded with the MOVBU instruction is available to the 
ADD instruction. 





[ Revised Version | 


movbu (a0),d0 Load instruction 
inc al 
add 0x12345678,d0 Instruction using loaded data and 32-bit 


displacement operand 











The data loaded with the MOVBU instruction is available to the ADD instruction, so 


the pipeline does not stall. 


[ Applicable Instructions ] 


All load variants of MOVBU and MOVHU 

MOVBU, MOVBU, and MOVHU variants with 32-bit displacement 
operands; ADD imm32,Dn/An/SP, SUB imm32,Dn/An, 

CMP imm32,Dn/An, AND imm32,Dn, OR imm32,Dn, 

XOR imm32,Dn, BTST imm32,Dn, UDFnn imm32,Dn, 

UDFUnn imm32,Dn 


<Leading instruction> 


<Following instruction> 
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(9) Other Memory, Follower Storing without d32/abs32 


Here “other” means all memory types except cachable external memory with DCBYPS = 0. 


+ 








High-speed 


[ Description ] 


To prevent pipeline stalls, we recommend inserting at least one cycle when the following instruction 


stores the data without using a d32 or abs32 operand. 





cache/memory 
readout-data available 











Store instruction 
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1 cycle gap without 32-bit 
load immediate value 
<< ——_—_ | ' 
DEC 
instruction decoding instruction | 
1 ' decoding ! 
eX a, a) : : 
| calculation ' ‘calculation i 
MEM | { ct , 
' cache/memory ! | cache/memory | 


alignment/extension 
of memory data/ 
register write 


‘readout ; _ readout/ \ | 





alignment/extension 
of memory data 














complete 
[ Example ] 
[ Problematic Version | 
inc at 
movbu (a0),d0 Load instruction 
mov d0,(a1) Instruction storing loaded data without d32/abs32 operand 











Retrieving and aligning the data from the cache or memory takes one cycle, so the 
pipeline stalls until the data loaded with the MOVBU instruction is available to the 
MOV instruction. 





[ Revised Version | 








movbu —_ (a0),d0 Load instruction 
inc al 
mov d0,(a1) Instruction storing loaded data without d32/abs32 operand 





The data loaded with the MOVBU instruction is available to the MOV instruction, so 
the pipeline does not stall. 
[ Applicable Instructions ] 


<Leading instruction> All load variants of MOVBU and MOVHU 
<Following instruction> MOV, MOVBU, MOVB, MOVHU, and MOVH store without d32/ 
abs32 operands. 
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3.5 Instructions Following DIV/DIVU with Zero Dividend 


The DIV and DIVU instructions minimize their execution times by minimizing the size of the divi- 
dend in bytes, but they still require a minimum of two cycles to store, during their write-back stage, 
the result in the destination data register (Dn)—even when the dividend, originally in Dn, is 0 and the 


result, stored in the same register, is the same. 
(1) Follower without imm32/d32/abs32 
[ Description ] 


To prevent pipeline stalls, we recommend inserting at least two cycles when the leading divide 
instruction has a zero dividend and the following instruction uses the result (Dn) other than as imm32, 


d32, or abs32 in its calculations. 





data register available 











DIV/DIVU 2-cycle ga 
final cycle rene RR 
DEC (em , 3 
instruction decoding ‘instruction | 
register readout i ' decoding i : 


calculation 


we : — 


data register write 4 





data register write 














complete 
[ Example ] 
[ Problematic Version | 

clr do 

mov d0,mdr 

mov 0x05,d1 

inc ad 

div d1,d0 DIV/DIVU 

inc al 

add d1,do Instruction using result(dn) other than as imm32, d32 or 
abs32 
or 

clr do 

mov d0,mdr 

mov 0x05,d1 

inc ad 

inc ad 

inc al 

div d1,d0 DIV/DIVU 

add d1,do Instruction using result(Dn) other than as imm32, d32 or 
abs32 








Storing the result takes two cycles, so the pipeline stalls until the result of the divide 


instruction is available to the ADD instruction. 
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[ Revised Version | 





do 

d0,mdr 

0x05,d1 

di,do DIV/DIVU 

ad 

al 

d1,do Instruction using result (Dn) other than as imm32, d32 
or abs32 





The result of the divide instruction is available to the ADD instruction, so the pipeline 


does not stall. 


[ Applicable Instructions ] 


<Leading instruction> 


<Following instruction> 


(2) Follower with d32 


[ Description ] 


DIV/DIVU instruction with zero dividend 

Any instruction using the result (Dn) other than as imm32, d32, or abs32 
in its calculations except the following; MOV PSW, Dn, MOV Dm,PSW, 
AND imm16,PSW, OR imm16,PSW, Bcc, Lec, JMP, TRAP, NOP. 


To prevent pipeline stalls, we recommend inserting at least one cycle when the leading divide in- 


struction has a zero dividend and the following instruction uses the result (Dn) together with a 32-bit 


displacement [imm32?] operand. 


DIV/DIVU 1 cycle gap 


final cycle 


Cj | 


instruction decoding/ 


register readout a: value readout =| ( 


calculation 
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data register available 











RR with 32-bit immediate value} 








' 32-bit immediate ‘instruction decoding 





' \ 
' ' { 
\ \ 
' i 1 
1 \ 
\ 1 \ 
\ \ \ 
\ i 1 
{ ' 1 
{i} 1 
1 ' 1 
\ ' 1 
1 ' 1 
\ \ \ 
1 \ 
' f 
1 ql 
' \ 


‘data register write 





data register write 
complete 
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[ Example ] 

[ Problematic Version | 
clr do 
mov d0,mdr 
mov 0x05,d1 
inc ad 
div d1,do DIV/DIVU 
add 0x12345678,d0 Instruction using result(Dn) and 32-bit 

displacement operand 

! Storing the result takes one cycle, so the pipeline stalls until the result of the divide 
instruction is available to the ADD instruction. 

[ Revised Version | 
clr do 
mov d0,mdr 
mov 0x05,d1 
div d1,do DIV/DIVU 
inc ad 
add 0x12345678,d0 Instruction using result(dn) and 32-bit displacement 

operand 











The result of the divide instruction is available to the ADD instruction, so the pipeline 


does not stall. 


[ Applicable Instructions ] 
<Leading instruction> 


<Following instruction> 


DIV/DIVU instruction with zero dividend 

MOV, MOVBU, and MOVHU variants with 32-bit displacement 
operands; ADD imm32,Dn/An/SP, SUB imm32,Dn/An, 

CMP imm32,Dn/An, AND imm32,Dn, OR imm32,Dn, 

XOR imm32,Dn, BTST imm32,Dn, UDFnn imm32,Dn, 
UDFUnn imm32,Dn 
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(3) Follower Storing without d32/abs32 


[ Description ] 





i+ 


To prevent pipeline stalls, we recommend inserting at least one cycle when the leading divide in- 


struction has a zero dividend and the following instruction stores the result (Dn) without using an 


(-) 
(o) 
[on 


High-sp 
imm32, d32, or abs32 operand. 





data register available 











DIV/DIVU 1 cycle gap 
final cycle Store instruction 


pec Cet 


instruction decoding: 


register readout 
EX ey 


calculation i 


969 






































calculation 
MEM | ( 
| memory write 
ite : cc 
‘data register wil 
data register write 
complete 
[ Example ] 
[ Problematic Version ] 
clr do 
mov d0,mdr 
mov 0x05,d1 
inc ad 
div d1,do DIV/DIVU 
mov d0,(a1) Instruction storing result(Dn) without d32 or abs32 
operand 
Storing the result takes one cycle, so the pipeline stalls until the result (Dn) is available to the 
MOV instruction. 
[ Revised Version ] 
clr do 
mov d0,mdr 
mov 0x05,d1 
div d1,do DIV/DIVU 
inc ad 
mov d0,(a1) Instruction storing result(Dn) without imm32, d32 or 
abs32 operand 
[ Applicable Instructions ] 
<Leading instruction> DIV/DIVU instruction with zero dividend 
<Following instruction> Any instruction using the result (Dn) other than as imm32, d32, or 


abs32 in its calculations except the following; MOV PSW,Dn, 
MOV Dm,PSW, AND imm16,PSW, OR imm16,PSW, Bcc, Lec, 
JMP, TRAP, NOP. 
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3.6 Instructions Preceding Loc 


The Lcc instruction bypasses the five-stage pipeline with additional hardware to increase the execution 


speed. To ensure proper interaction between the two, it must therefore wait for certain preceding instructions 


to complete. 


(1) SETLB 


[ Description ] 


To ensure smooth pipeline operation, we recommend inserting at least three cycles between the Lcc instruc- 


tion and the preceding SETLB instruction setting up the two registers that it must reference: Loop Instruc- 
tion Register (LIR) and Loop Address (LAR) Register. 


ee + 


instruction decoding 


| sienna 








Lec available} 








8-cycle gap , 


: instruction decoding/ 


/ LIR/LAR rece 

















EX 
MEM CC eee 
w(K t 
LiRwrite ° LARwrite ~ 
SETLB 
l Bmmpls complete 
[ Problematic Version ] 
inc do 
setlb SETLB 
inc d1 
inc d2 
Igt Lec or 
inc do 
inc d1 
setlb SETLB 
inc d2 
Igt Lec or 
inc do 
inc d1 
inc d2 
setlb SETLB 
Igt Lec 











Loading the LIR and LAR registers takes three cycles, so the pipeline stalls until their con- 


tents are available to the LGT instruction. 
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[ Revised Version | 
setlb SETLB 
ubc do 
inc d1 
inc d2 
Igt Lec 








The updated contents of the LIR and LAR registers are available to the LGT 


instruction, so the pipeline does not stall. 


[ Applicable Instructions ] 


<Leading instruction> SETLB 


<Following instruction> Lec 


(2) Other Instructions Modifying LIR and LAR 
[ Description ] 


To ensure smooth pipeline operation, we recommend inserting at least three cycles between the Lcc 
instruction and other preceding instructions (MOVM, RET, and RETF) modifying the two registers 
that it must reference: Loop Instruction Register (LIR) and Loop Address (LAR) Register. 





LAR readout 
available 











MOVM/RET/RETF | 


final cycle 3-cycle gap 
pec ( \}~—___——_ > l= 
instruction decoding/ 


instruction decoding 





| ‘ LIR/LAR readout 
' calculation | 
MEM ! ( | 
| memory readout 
WB ! ! ! : 
: LAR write 
SETLB 
complete 
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[ Example ] 
[ Problematic Version | 

inc do 
movm (sp), [other] Instruction modifying LIR and LAR 
inc d1 
inc d2 
Igt Lec or 
inc do 
inc d1 
movm (sp), [other] Instruction modifying LIR and LAR 
inc d2 
Igt Lec or 
inc do 
inc d1 
inc d2 
movm (sp) ,pother] Instruction modifying LIE and LAE 
Igt Lec 








Loading the LIR and LAR registers takes three cycles, so the pipeline stalls until their 


contents are available to the LGT instruction. 





[ Revised Version ] 


movm (sp),[other] Instruction modifying LIR and LAR 





inc do 
inc d1 
inc d2 
Igt Lec 





The updated contents of the LIR and LAR registers are available to the LGT instruction, 


so the pipeline does not stall. 


[ Applicable Instructions ] 


<Leading instruction> MOVM (SP),regs, RET, RETF 


<Following instruction> Lec 
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3.7 Instructions Preceding SETLB 





The SETLB instruction bypasses the five-stage pipeline with additional hardware to increase the 
execution speed. To ensure proper interaction between the two, it must wait for preceding instruc- 
tions (MOVM, RET, and RETF) modifying the two registers that it loads: Loop Instruction Register 
(LIR) and Loop Address (LAR) Register. 


[ Description ] 


To ensure smooth pipeline operation, we therefore recommend inserting at least one cycle between 


SETLB 
available 
MOVM/RET/RETF 


final cycle 1 cycle gap | 
DEC ( )( fg SETIE 


instruction decoding 


such instructions and the SETLB instruction. 








instruction decoding 


i) 












































EX ( ! ! 
calculation 
MEM ! {CD | 
: | memory readout 
\t 
me : : \ Y 
LIR write i t LAR write 
LIR/LAR write 
in parallel 
[ Example ] 
[ Problematic Version | 
inc do 
movm (sp),[other] Instruction modifying LIR and LAR 
setlb SETLB 
Loading the LIR and LAR registers takes one cycle, so the pipeline stalls until their 
contents are available to the SETLB instruction. 
[ Revised Version | 
movm (sp), [other] Instruction modifying LIR and LAR 
inc do 
setlb SETLB 











The updated contents of the LIR and LAR registers are available to the SETLB in- 


struction, so the pipeline does not stall. 


[ Applicable Instructions ] 


<Leading instruction> MOVM (SP),regs; RET; RETF 
<Following instruction> SETLB 
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3.8 Instructions Preceding RETF 


The RETF instruction takes its return address from the Multiply/Divide Register (MDR), not the 


stack, so it must wait for preceding instructions modifying that register to complete. How long de- 


pends on the position of the MDR update relative to the end of the preceding instruction. 


[ Description ] 





High-speed 


al 


an register readout 
2 EX 


instructions and the RETF 


MOVM/EXT or 


instruction decoding/ | 


(1) MDR Update in Last Cycle 


instruction. 


MUL/MULU final cycle 


pec (+> — 


3-cycle gap 


as 





RETF 
available 











instruction decoding/ 
MDR readout | 














To ensure smooth pipeline operation, we recommend inserting at least three cycles between such 





calculation | 
MEM : { : 
WB 3 3 
MDR write 
eanpie ; complete 
[ Problematic Version ] 
_ func 
_Ofunc FUNCINFO _func,8,[ ] 
inc ad 
mov d0,mdr Instruction modifying MDR in last cycle 
inc al 
inc a2 
retf RETF or 
_ func 
_Ofunc FUNCINFO  _func,8,[ ] 
inc ad 
inc al 
mov d0,mdr Instruction modifying MDR in last cycle 
inc a2 
retf RETF or 
_ func 
_Ofunc FUNCINFO _func,8,[ ] 
inc ad 
inc al 
inc a2 
mov d0,mdr Instruction modifying MDR in last cycle 
retf RETF 
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Le 
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Loading the MDR register with the MOV instruction takes three cycles, so the pipe- 
\ line stalls until that register’s contents are available to the RETF instruction. 
[ Revised Version | 

_func 

_funco FUNCINFO  _func,8,[ ] 
mov d0,mdr Instruction modifying MDR in last cycle 
inc ad 
inc al 
inc a2 
retf retf 











The updated contents of the MDR register are available to the RETF instruction, so 


the pipeline does not stall. 


[ Applicable Instructions ] 


<Leading instruction> MOVM Dm, MDR, EXT, MUL, MULU 
<Following instruction> RETF 





For a detailed description of FUNCINFO syntax, refer to the Cross Assembler 
C User’s Manual. 
| 





(2) MDR Update in Second Last Cycle 


[ Description ] 
To ensure smooth pipeline operation, we recommend inserting at least two cycles between such 


instructions and the RETF instruction. 























RETF 
available 
CALL/CALLS/DIV/DIVU 2-cycle gap 
final cycle ; \ 
DEC ( \ ——___—_—_—_—_——_——_ ¥ RETF 
instruction decoding/ : instruction decoding/ 
register readout | ' ' ' MDR readout : 


i | : 


‘address calculation/ 
ca | 
oo : : — 


1 
1 


wB ! | ( | \ 
, MDR write 


MDR write 
complete 
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[ Example ] 
[ Problematic Version ] 

_lab 

LABEL FUNCINFO _lab,8,[ ] 
inc ad 
div d1,d0 Instruction modifyint MDR in second last cycle 
inc al 
retf RETF or 

_lab 

LABEL FUNCINFO _lab,8,[ ] 
inc ad 

inc al 
div d1,do Instruction modifying MDR in second last cycle 
rett RETF 

Updating the MDR register with the DIV instruction takes two cycles, so the pipeline stalls 

until that register’s contents are available to the RETF instruction. 





Revised Version 








lab 
LABEL FUNCINFO _lab,8,[ ] 
div d1,do Instruction modifying MDR in second last cycle 
inc ad 
inc al 
retf RETF 





The updated contents of the MDR register are available to the RETF instruction, so the pipe- 


line does not stall. 


Applicable Instructions 


<Leading instruction> DIV, DIVU, CALL, CALLS 
<Following instruction> RETF 





For a detailed description of FUNCINFO syntax, refer to the Cross Assembler User’s 
| Manual. 
Ll] 
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(3) MDR Update in Third Last Cycle 


[ Description ] 


+ 


High-speed To ensure smooth pipeline operation, we recommend inserting at least one cycle between such 


instructions and the RETF instruction. 





RETF 
available 











MOVM/RET/RETF final cycle 


DEC | N K 


instruction decoding/ 
register readout 








1-cycle gap | 
\<—_>| RETF 


‘instruction decoding/ 


i 


address calculation/ 


(I 





69 ¢ 


MDR readout 











— 











MEM 7 : 
| memory readout: 
WB ! ( \ i 
MDR write t 
MDR write 
complete 
[ Example ] 
[ Problematic Version ] 
_lab 
LABEL FUNCINFO  _lab,8[] 
inc do 
movm (sp), [other] Instruction modifying MDR in third last 
cycle 
retf RETF 











RETF instruction Reloading the MDR register with the MOVM instruction takes one 


cycle, so the pipeline stalls until that register’s contents are available to the RETF 





instruction. 
[ Revised Version | 

_lab 

LABEL FUNCINFO _lab,8,[ ] 
movm (sp),[other] — Instruction modifying MDR in third last 

cycle 

inc do 
retf RETF 











The updated contents of the MDR register are available to the RETF instruction, so 


the pipeline does not stall. 


[ Applicable Instructions ] 


<Leading instruction> MOVM (SP),regs, RET, RETF 





<Following instruction> RETF 
For a detailed description of FUNCINFO syntax, refer to the Cross Assembler 
(I User’s Manual. 
1] 
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3.9 Instructions at CALL/CALLS Targets 





[ Description ] 


To speed returns with the RETF instruction, the CALL and CALLS instructions store the return 
address in the Multiply/Divide Register (MDR), not on the stack. We therefore recommend inserting 
at least two cycles at the start of the subroutine to allow them time to complete the MDR update 
before using instructions (MOV, DIV, and DIVU) that reference that register. 





MOV/DIV/DIVU 
available 














CALL/CALLS 2-cycle gap 
final cycle f 1 
DEC ( | <)> ice 


instruction decoding/ iinstruction decoding/ 
register readout 1 1 MDR readout : 


calculation 


WB | | | | } 
MDR write 
































MDR write 
complete 
[ Example ] 
[ Problematic Version | 
call LABEL CALL/CALLS 
LABEL inc ad 
mov mdr,dO Instruction referring MDR — or 
call LABEL CALL/CALLS 
LABEL mov madr,dO Instruction referring MDR 
inc ad 
inc al 











Loading the MDR register with the CALL/CALLS instruction takes two cycles, so the 


pipeline stalls until that register’s contents are available to the MOV instruction. 











[ Revised Version ] 
call LABEL CALL/CALLS 
LABEL inc ad 
inc al 
mov mdr,dO Instruction referring MDR 





The updated contents of the MDR register are available to the MOV instruction, so the 


pipeline does not stall. 
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[ Applicable Instructions ] 


<Leading instruction> CALL or CALLS 
<Following instruction> MOV MDR, Dn, DIV, DIVU 





The above coding examples omit the FUNCINFO directives required with each CALL 
¢ instruction. For a detailed description of FUNCINFO syntax, refer to the Cross Assembler 
Ll) 


User’s Manual. 
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Boiler Plate Code Sequences 


4.1 Reset Routine 


[ Description ] 


A reset start leaves all registers with indeterminate contents, so always start by initiating registers. 
The Stack Pointer (SP) is particularly important. 


If the user application program uses level interrupts, initialize the interrupt vector registers as well. 


[ Example ] 
IVARO equ 0x20000000 
IVAR1 equ 0x20000004 
IVAR2 equ 0x20000008 
IVAR3 equ 0x2000000c 
IVAR4 equ 0x20000010 
IVAR5 equ 0x20000014 


IVAR6 equ 0x20000018 


Reset routine 


e] 


org 0x40000000 ; Entry point for reset 
RESET: 

jmp STARTUP 

org 0x40000008 ; Entry point for nonmaskable interrupt 
NMIROUTINE: 
STARTUP: 

mov STCKTP,a0 ; Initialize Stack Pointer(SP) to word boundary 

; (divisible by 4) 

mov a0,sp 

clr do ; Clear all registers 

mov do,d1 

mov do,d2 

mov d0,d3 

mov d0,ad 

mov d0,ad 

mov a0,a1 

mov a0,a2 

mov a0,a3 

mov IRQOROUTINE,a0 __; Set to lower 16 bits of entry point for level interrupt 
handler 

movhu — a0,(IVATo) 

mov IRQ1ROUTINE,a0 

movhu —a0,(IVAR1) 

mov IRQ2ROUTINE,a0 








movhu a0,a0,(IVAR2) 
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mov IRQ3ROUTINE,a0 
movhu a0,(IVAR3) 
mov IRQ4ROUTINE,a0 
movhu a0,(IVAR4) 
mov IRQ5ROUTINE,a0 
movhu a0,(IVAR5) 
mov IRQ6ROUTINE,a0 
movhu a0,(IVAR6) 











4.2 Interrupt Handlers 


[ Description ] 


There are two types of interrupt handlers: for nonmaskable interrupts and for level interrupts. 

For level interrupts, the Interrupt Group Register (IAGR) gives the group number. Assigning only 
one interrupt source to an interrupt level speeds response by eliminating the need for differentiation 
logic. 

With store buffer models, always ensure clearing of the interrupt source by separating the write to the 
interrupt control register and the RTI instruction--with a vacuous read of that register, for example. 
For the serial debugger's special requirements for the nonmaskable interrupt handler, refer to the 
MN10300 Series C Source Code Debugger User's Manual. 


[ Example ] 





Interrupt handler for NMI, level 0 interrupts and level 1 interrupts 


IAGR equ 0x34000200 
IVARO equ 0x20000000 
IVAR1 equ 0x20000004 
IVAR2 equ 0x20000008 
IVAR3 equ 0x2000000c 
IVAR4 equ 0x20000010 
IVAR5 equ 0x20000014 
IVAR6 equ 0x20000018 
GO1CR equ 0x34000100 
G31CR equ 0x3400010c 
Nonmaskable interrupt handler 


org 0x40000008 ; Entry point for nonmaskable interrupts 


NMIROUTINE: 
add__ -8,sp 
mov a0,(4,sp) ; Save registers used by handler 
mov d0O,(sp) 
mov G01CR,a0 
mov (ao),d0 ; Get NMI source 
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ozs ; Processing according to source 
mov OxOf,dO ; Clear NMI source flag inGO1CR 


movbu dO, (a0) 

mov (sp),dO ; Restore registers 
mov (4,sp),a0 

add 8,sp 


rti 


3 


; Level 0 interrupt handler 
; Here GSICR lists only one source for level 0 interrupts 


IRQOROUTINE: ; Level 0 interrupt entry point from IVARO 


add -8,sp 

mov a0,(4,sp) ; Save registers used by handler 

= ; Process according to source 

mov 0x01,d0 ; Clear source flag in G3ICR 

mov d0,(G3ICR) —_; Writing “1” to a bit clears corresonding source 
mov (sp),dO ; Restore registers 

mov (4,sp),a0 

add 8,sp 


rti 
; Level 1 interrupt handler 
; Level 1 interrupts have multiple sources 


IRQ1 ROUTINE: ; Level 1 interrupt entry point from IVARI 


add -16,sp 

mov a0,(12,sp) ; Save registers used by handler 

mov a1,(8,sp) 

mov d0,(sp) 

movhu (IAGR),a0 ; Get interrupt source 

mov a0,a1 

add GO1CR,a0 _ ; Get address for group’s interrupt register 

add IRQ_TBL,a1_ ; Get entry point for group’s handler 

movhu (a0) ,d0 ; Get level 1 interrupt source 

#IFDEFMULTIRQ 
or 0x0800,psw_ ; Enable nested interrupts(IE=1) 
#ENDIF 

mov (a1),al ;Get handlers entry point 

calls (a1) ; Call handler, determine corresponding source 
; for level 1 interrupt and process all corresponding 
; sources 

mov OxOf,dO ; Clear source flog in corresponding interrupt 
; register 

movbu d0,(a0) ; Writing “1” to a bit clears corresponding source 

mov (sp),dO ; Restore registers 

mov (4,sp),a1 

mov (8,sp),a0 

add 12,sp 


rti 
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4.3 Function Called with CALL Only 


[ Description ] 


The CALL, RET, and RETF instruction require FUNCINFO directives to specify the registers to 
save. 

If the subroutine does not modify the Multiply/Divide Register (MDR), the RETF instruction provides 
a faster return to the caller by using the return address in MDR. 

For the procedures for calling C language functions from assembly language functions and assembly 


language functions from C language functions, refer to the C Compiler User's Manual for Operation. 


[ Example ] 








r] 


; Calling function 


e] 


_MAIN: 

add -12,sp ; Secure space for subroutine parameters and return 
value 

mov d0,(8,sp) ; Save parameters on stack 

mov d1,(4,sp) 

call _OFUNC ; Call subroutine 

add 12,sp 
; Subroutine 


; Subroutine uses 28 bytes of local storage for saving A2 and other purposes 
_OFUNC  FUNCINFO _FUNC,28,[a2] ; Entry point for CALL instructions 

Ls ; Subroutine body 

ret ; RETF may be used if subroutine does not modify MDR 
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4.4 Function Called with Both CALL and CALLS 


[ Description ] 


A function called with both the CALL and CALLS instructions must provide two entry points because 
CALLS does not provide CALL's register saving and local storage allocation features. The CALLS 
entry point must provide them. 

If the subroutine does not modify the Multiply/Divide Register (MDR), the RETF instruction provides 
a faster return to the caller by using the return address in MDR. 

For the procedures for calling C language functions from assembly language functions and assembly 


language functions from C language functions, refer to the C Compiler User's Manual for Operation. 


[ Example ] 


S 





e] 


; Calling function 


e] 


_MAIN: 
add -12,sp ; Secure space for subroutine parameters and return 
mov d0,(8,sp) ; Save parameters on stack 
mov d1,(4,sp) 
call _FUNC ; Call subroutine with CALL instruction 
add 12,sp 
add -12,sp ; Secure space for fubroutine parameters and return 
mov d0,(8,sp) ; Save parameters on stack 
mov d1,(4,sp) 
calls _ FUNC ; Call subroutine with CALL instruction 
add 12,sp 
; Subroutine 


; Subroutine uses 28 bytes of local storage for saving A2 and other purposes 
; Subroutine may be called with CALL or CALLS instruction 
_FUNC: 
movm [a2],(sp) ; CALLS instruction entry point must save registers and 
; allocate local storage 
add -24,sp 
_OFUNC FUNCINFO_FUNC,28[a2]_ ; Entry point for CALL instruction 
we ; Subroutine body 
ret ; RETF may be used if subroutine does not modify MDR 
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uy’ (wiy'gp) 





wyuy 


0000 


uy <— (wiy)zewew 


uy’ (wiy 





“-Zesqe> 


uqto 


OLOL 


ud = (zesqe)zewew 


ua‘(zesqe 





="9 | sqe> 


ug < ((ix@_019Z)91LSqe. 


COWSW 


uq'(gisqe 





wy!d 


uqoo 


ug ‘(wy'id 





udlo 


LLOL 


ud <= (dS+zEpP, 


p)zewew 


ug‘(dS‘zeP) 





udto 


LLOL 


ud = (dS+(1xo018Z)9 LP 


COWSW 


ud‘(dS‘9 LP 





< 


8p> 


ug <— (dS+(}xe _019z)g 


p)zewew 


ua'(dS‘8P) 





wyuq 


0000 


uq <— (wy+zep 


P)cewew 


ug‘(wy'zep 





wyuq 


0000 


ug < (wy+(jxo ubls)9}p)zgewow 


ug‘(wiy‘9 LP 





wyuq 


0000 


) 
) 
P) 
v) 
) 
) 
ug < (wy+tig)zewew 
) 
) 
p) 
) 
) 
) 


ug <— (wy+(ixe ubis)gp)zgwew 


uq‘(wy‘gp) 





~-1 Ol] tT] OLN] FT] OLN] OM] ON] MO] ST] ON] ST] ON] FT] OO; MO HK] MO] FT] ON] FT] O] AN! OM] © 


uq < (wy)zewew 





ug‘(wiy 





bLwq 


LEEL 


YaW <— wa 


Yyaw‘wq 





uqoo 


OLLE 


ud=— HdW 


ug‘daW 





bLwq 


LEEL 


MSd <— Wd 


MSd‘wq 





udto 


OLLL 


ug <= (1x8 018Z)MSd 


uq‘MSd 





oowy 


LEEL 


NEN) NT NY Nw 


dS < uy 


ds‘wy 





uy <— dS 


uy'dS 





uy <— wy 


uy'wy 





ug <— wy 


ug‘wy 





uy<- wq 


uy‘wq 











8 


Z 9 











-1[ NIN 




















uq < wq 


uoyesodO 





uqg‘wq 


o|UOWOeUY 
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Appendix 


™ spsqe> 


op}wq 


0001 


(zesqe)guew <— wg 


(zesqe 


id NaAOW 





= 91Sqe> 


(Qxa ouez)g sqe)guiew <— wg 


(gisqe 


id NaAOW 





uyid 


wqlo 


<-—wq 


(uy'! 


id NaAOW 





OLwq 


LOOL 


<— wg 


(as‘zep 


id NaAOW 





o}wq 


LOOL 


(dS+(xo an <— wad 


id NaAOW 





O}wq 


LOOL 


(d4S‘gp)‘wi 


id NaAOW 





uylwuq 


LOLO 


(uy+zep)guiew <— wg 


(uy‘zep 


id NaAOW 





uywq 


LOLO 


(uy+9Lp)gwew <— WG 


(uy‘9 LP 


id NaAOW 





uyluq 


LOLO 


<— wg 


(dS‘91p)‘w 


(uy‘gp 


id NaAOW 





uyluq 


LOLO 


) 
1a) 
p) 
) 
(dS+(}xe 019Z)gp) <—wad 
8 
) 
p) 
) 


(uy)gwow <— wg 


(uy)‘wq NEAOW 





uqol 


OLOL 


uq < (jxa 019z)(zEsqe)gwow 


uq‘(zesqe 


NgAOW 





= 91sqe> 


uq <[}xe 01az)((jxe 0498Zz)9, Sqe)guwow 


ua‘(gisqe 


NaAOW 





wy!d 


uqoo 


uq < (xa o19z)(Wiy+iq)gwuew 


ja‘(wiy‘id 


NaAOW 





LLOL 


ug < (xe 0192z)(4qSt+zep)guaw 


ud‘(ds‘zep 


NagAOW 





LLOL 


ud‘(ds‘9LP 





LLOL 


ug < (}xe 019Z)(qS+(Ixe O19Z)gp)gueW 


ud‘(ds‘sp 


NgAOW 





0010 


uq < [}xe 049z)(wiy+zEep)guUeW 


ug‘(wy‘zep 


NaAOW 





0010 


ug < (}x9 019Z)(Wy+(Qxe UBISs)9,p)guaW 


uq‘(wiy‘9 LP 


NgAOW 





0010 


) 
) 
a) 
pg 
ug < (xe 019Z)(qSt(Ixe 018Z)9|p)QUIOW 
) 
) 
) 
) 


uq < (}x@ O18z)(Wy+(1xe UBiS)gp)guaw 


uq‘(wiy‘gp 





) 
) 
) 
) NAAOW 
) 
) 
) 
) 


NaAOW 





-ZEulu> 


UYyL 


0010 
LOLL 


uq < (jx o19z)(Wy)gWaw 
uy <— zewul 


uq‘(wiy 


) NAEAOW 


uy‘Zewuu! 





9 | WUI> 


uy < (}x@ 0198Z)9, WU! 


uy‘g | WU 





<"* QUIWII> 


uy < [}x@ 0J9Z) gu! 


uy “QU 





= ZEuU> 


udol 


OOLL 


ug = ZEW! 


ug'zewiul! 





= 9; WUUI> 


uq < (}x@ ubis)9} Ww 


ug‘g wu! 





oo 


guiw> 


ug < (ixa ubis)guuu! 


ug‘gwiu 





gp> 


uy lO 


LEEL 


(uy+(1xe _uBis)gp)zewew <— dS 


(uy‘8P)‘dS 





“-ZEsqe> 


oouy 


0001 


(zesqe)zeuew <— wy 


(zesqe) 


wy 





“9 | sqe> 


oowy 


0001 


(Qx@ O1ez)gLSqe)zgewow <— Wy 


(gisqe 





uyid 


wy tt 


(uytiq)zewew <— wy 


(uy‘id 





cep> 


oowy 


LOOl 


(aStzep)zewow <— wy 


(as‘zep 





9LPp> 


oowy 


LOOL 


(dSt(Ixe O1az)QLP)zgwow < Wy 


(a4s‘91P 





< 


8p> 





cep> 


uywy 


L100 


(uy+zep)zewew <— wy 


(uy‘zep 





Q9LPp> 


uyuy 


L LOO 


(uy+(1xe UBis)gLp)zguew <— wy 


(uy‘9LP. 





gp> 


uy 


LL00 


(uy+(jxe uBis)gp)zewow <— wy 


(uy‘gp 


wy 











8 


Z 9 
apod eulyoeyy 


uywy 


L000 











9 
€ 
@ 
9 
v 
€ 
9 
v 
€ 
@ 
9 
€ 
@ 
9 
v 
€ 
9 
v 
€ 
@ 
9 
€ 
é 
9 
€ 
@ 
€ 
9 
v 
é 
9 
v 
@ 
9 
v 
€ 
é 




















Ye 
) 
) 
p) 
) 
(dS+(Qxe olez)gp)zewoaw <— wy 
) 
) 
) 
) 


(uy)zgwew <— wy 


uoyesado 





(d$‘gp)‘w 
) 


(u 


oluowW 


aul 





LAS NOILONULSNI SAlYAS SEOLNIN/OSOLNIN 





161 


Instruction Set 


(zesqe)g,Wwew — wq (zesqe 
(xe 019Z)9}sqe)g ; WeW <— WG (g1sqe 
(uytiq)g,}wew <— wg (uy! 
(as+zep)g;wew <— wd] (gs'zep 
(dS+(Xe O18zZ)9Lp)g}WweW <— wg} (dS‘91P 
p)gpwew — wq (dS‘gp)‘w 
(uy+zep)gpwew <—wq} (uy'zep 
(uy+(Ixo uBis)g;p)gpwew <— wg] (uy'gIP 
p)9 
uy) 


“~ eesqe> | LW 0001 
“" gisqe> 
uyid Wit 
LLwq 1001 
bLwq 1001 
LLwq 1001 
uywq LLLO 
uywq +tLO 
uywq +LLO 
uywq -LLO 
UdLL OLOL 
gisqe> 
wiyvid udqdO0l 
LLOL 

LLOL 

LLOL 

OLLO 

OLLO 

OLLO 

OLLO 











wq 








(dS+(x@ 019Z)¢| 





wq 








——_ QL Wwaw <— wg (uy‘gp 


g,wew <— wq 





yw 
yw 
q)‘w 
p)' 
)‘w 
)‘w 
p)' 
)‘w 
)' 
vy)! 


wq 
wq 





ud <— (xo ua‘(zesqe 

uq < (}xa@ 019Z)((}Xe 0198Z)g9 1 Sqe)g WoW uq‘(gisqe 
ug < ()x@ o19z)(Wiy+iq)9 | We uq(wy‘iq 

ud < (xe 018z)(qS+zEp)gpwew |  uq'(dS'zEP 

ud < (xa 048z)(dS+(Xe 019Z)91pP)g;WeW |} ug'(dS‘9LP 
p)g }WewW ug‘(dS‘8P 
ud < (}x@ 018z)(Wiy+zep)g;Wwew | ug‘(wy'zEP 

uqd < (xe 019z)(Wy+(}xe UBIS)9,p)9,WatW uq‘(wy‘9 Lp 
ug <— (}x@ 019z)(Wiy+(xe UBbiS)gp)9 | WaW ug‘(wy‘gp 

















ug < (1x8 049Z)(qS+(Ixe 019Z)g| 

















)9 
) 
) 
)9 
P) 
) 
)9 
) 











ug < (}x@ 049Z)(Wiy)9 | Wa uqg'(wy 
(zesqe)gwiaw — wq (zesqe)'wq gAOW 

(Qxe" 019z)9}Sqe)gwew <— wd (gL sqe)‘wq gAOW 
(uy+id)guiew <— wq (uy‘id)'waq gAOW 
(ds+zep)gwew — wg (ds'Zep)'wa gAOW 
(dS+(1xo" 019Z)9 | p)guiew — WG (dS‘9LP)'waq gAOW 
p)' 

8 

) 

















(dS+(xe" 0192)gp)gwew — wg (dS‘8P)'waq gAOW 
(uy+zep)gwew — Wg (uy'zep)'wa gAOW 
(uy+(}xo"uBis)9 |p)guiew — wg (uy'91p)'wa gAOW 
(uy+(Qxe ubis)gp)guisw <— wq (uy‘gp)'wq gAOW 
(uy)guiew <— wq (uy)‘wa gAOW 

uq <— (xe ublis)(zesqe)gwew ug'(zesqe) gAOW 

ud =< (xe ubis)((1xe"018z)9 | sqe)gweU uq'(gtsqe) gAOW 
aAOW 
ud <— (}x@ ubls)(4S+zep)gwew ua‘(ds'zep) aAOW 

ud — (xe ubis)(qS+(Ixe019Z)9}P) uad‘(dS'91P) SAOW 
ud < (xe ubis)(qS+(}xe" 019Z)gp) gua uq'(dS'8P) GAOW 

) uq'(wy'Zep) aAOW 


























uq < (}x@ Ubls)(Wytiq)gueWw uq‘(wy‘Iq 





) 
) 
) 
) 











uq < (xe _ubis)(wy+zep 








ud < (xe ubls)(wy+(xe ubis)gp)gwew ua‘(wy'8p) GAOW 
uq < (xe ubis)(wiy) gue ug‘(wy) aAOW 





OP rtp mol; Remy SP wore] Om) tye] nN] OO] St] OO] OM] St] OF NN] MO] OF NN] MO] SF] Of] MH] SF] OO] NN] MO] OF A] OM] +] O}] MO! St] O] AN] MO] © 


NIN] NN] OL NIN] OLN] NY] oO 
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Instruction Set 


Appendix 


“payloads jou si yoiym siajsibai au diys “suajsibou 


@SOU} SOILS Ja|QWasse oy] UaYM JayeW OU Ey Pur zy ‘EC ‘Zq ‘JEP10 AY} UI pauNjay oe UB|s YIM payloads suajsiBu :1, 


(L,)6 = S6a1 ym payloads siajsi6au 


Bba—(ze+gs)zewew ‘| bo 


dS< 0r+dS‘YV1<(p+dS)zeweul 
‘YlT<(8+dS)zewew'YqN<(Z1+dS)zewew 
IW<—(9L+dS)zewau'oy<—(0Z+dS)zewau 
‘La<(v2t+ds)zewew'oq—(8z+ds)zeweu 
(9€+dS) 


Zewaw 





g = sbaJ ym payloads siajsi6o1 


dS= 9€+dS 
‘UV1< (ptds)zewew'YyI1<— (8+ds)zewew 
‘YON (Zl +dS)zewew' ly<— (9}+d4S)zeweul 
‘OV< (02+dS)zewaw }a< (pz+dS)zeweu 
‘Od < (8z+ds)zewew'‘ba: — (ze+qs)zewow 





2 = sba y 


IM pal 


loads sia: 


MIT < (8+dS)zewew'yqN <= (Z1+dS 
‘LW = (9b+dS)zewow'oy < (0z+dS)zewew 
‘Ld <= (p2t+ds)zewow'og < (gz+ds)zeweu 


) 
) 
) 

dS <— 2€+dS‘uV1 < (p+dS)zewow 
S)zewew 
) 
) 





(L.)p= = SBad y 


IM pal 


loads sia. 


siBa1 


dS < 91+dS 
‘ev < (ds)zewew'zy < (p+dS)zewow 
‘ed <— (8+dS)zewow'zq < (Z1+4S)zeweu 





(L.J€ = sBeu y 


IM pal 


loads sia: 


si6as 


zbar < (p+dS)zewow'|6e1 <— (g+dqs)zewow 





(L.)@ = Bau y 


IM pal 


loads sia: 


si6a1 


dS = 8t+dS 
‘Bar < (dS)zewow' Ba: < (p+4S)zewou 





L = sBol yu 


IM pal 


loads sia: 


siBas 


dS < ptds‘ba: < (qs)zewew 





0=sba y 





IM pal 





joods sia: 





si6as 


s6ei> 


OLLE = OOLL 


Od = 2+Od 
(zesqe)g,wew <— wad 


{u6eu‘* | Beu}‘(4S) 
(Zesqe)'wq 





(gisqe)‘wq 





(uytig)g,wew <— wg 


(uy‘id)‘waq 





) 

(xe Ouez)gLsqe)gLWewW <— Wq 
) 
)9 


(ds+zep)g}wew <— wq 


(ds‘zep)‘wad 





(dS+(}xe 048Z)9}p)gpwawW <— Wg 


(ds‘91p)'waq 





(dS+(Ixe018z)gp)g,Wew — wa 


(dS‘p)'wq 





(uy+zep)gpwew <— wd 


(uy‘zep)'wa 





(uy+(}xeubis)g}p)gpwaw <— wg 


(uy‘9}p)'wq 





(uy+(IxeuBis)gp)g,wew — wg 


(uy‘gp)'wa 





(uy)gpwew <— wa 


(uy)‘wq 





uq < (1xe ubls)(zesqe)g,waw 


uq‘(zesqe 





uq < (xa ubls)((jxe O18Zz)91Sqe)g | WeW 





uq'(gsqe 





ud <= (}x@ ubls)(wiy+iq)g }wew 


ug‘(wy'id 





uq =< (ix@ ubls)(4S+zep)g }WweW 


uq'(ds'zep 





uq < (xa uUbIs)(qS+(}xa 019Z)9LP)9, WoW 


ud‘(dS‘91P 





uq < (}x@ uBls)(qSt+(xe 048Z)gp)g9 ,WeW 


ua‘(ds‘8p) 





ug <— (xe ubls)(wy+zep)g}wew 


ug ‘(wy'zep) 





ug < (\x@ ubls)(wy+(xe UBbIS)91p)9,WeW 


uq‘(wiy‘91p) 





uq < (\x@ ubls)(wy+(1xe UBiS)gp)9 | WeW 


ug‘(wy'gp 














8 Z 9 
apon eulyoeyy 


Opt moO; me) SP woOLP Rem] Om] SPR) NN] OO] +] OO] OM] ST] ON] MO] OF NIN] Ww 


NPN NN] OLN] NN] OO] NY] NY] oO 











ug < (}x@ ubls)(wiy)9,Wwew 




















uoyesado 


LAS NOILONULSNI SAlYAS SEOLNIN/OSOLNIN 








ug‘(wiy 


O|UOWSU\ 








163 
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Appendix 


“paijloads jou si yolym siajsibe ay) diys ‘suajsi6bas 

98SeU] O]UM Ja|qWasse ou} UBYM JayeW OU EY pur ZY ‘Eq ‘Zq ‘Japs ay} UI paves oe Ube YIM paijioads suajsiBey :z, 
payloads jou si yoiym siajsibas ay} dig “siaysibo 

Saseay} SdqlM Ja|quiasse ay} UaymM JEW OU EY pue ZY ‘Eq ‘Zq ‘EP10 au) UI pauNje ae UBAd YIM payloads siajsiBoy : 1, 


dS<tr-dS 

“(Op-dS)Zewaw<—yyT (9E-dS)ZEWSW—Y]7 
‘(Ze-dS)zewaw—YyW (8z-dS)zewew< Vy 
‘(pZ-dS)Zeweu—Oy'(0Z-dS)zewau—}q 
‘(Qt-dS)zewew—0q‘(Z1-dsS)zewew<¢gber 
(Z.)0} =s6e1 ym payloads suejsi6e, ‘(g-dS)zewew<—zBbei‘(p-4S)zewew< | el 





dS=0b-dS‘(9€-dS)zewoaw<—yVy] 
‘(Ze-ds)zewow<—y!7 (82-dS)zewew—YqW 
‘(pe-dS)Zewow—|y"(0Z-dS)Zewaw—OVy 
‘(QL-dS)zeuew<}q‘(Zl-dS)zeweu—og 
(Z.)6 =s6e1 ym payloads siajsi6a1 ‘(8-dS)zewaw<—zBber'(p-dS)zewaw< | Gar 
dS<9€-dS 
‘(ZE-dS)ZEWOW<—YYT (8Z-dS)ZEWIW—Y/7 
‘(pZ-dS)ZEWOW—YQW '(0Z-dS)zewaw<— Ly 
‘(Ql-ds)zewew=oy'(Z}-ds)zewew=—1q 
(Z.)8 =s6e1 yum payloads siajsi6o1 ‘(8-ds)zewaw<—0q ‘(p-dS)zewew<—Bas 
dS<Ze-dS(82-dS)zewew<—Yy1 
‘(pZ-dS)Zewau—y!T'(0Z-dS)zeweaw<—YyqN 
‘(QL-dS)zewow=|y(Z1-dS)zewaw<—ovy 
2 =sBa1 ym payloads sia}si6e1 ‘(8-dS)zewaw<1q'(p-ds)zewew<—oq 
dS<91-dS 
‘(Qt-ds)zewauey'(Z1-dS)zewew<—zy 
vy =s6al YIM payloads suajsi6e1 ‘(8-dS)zewaw<—eq '(p-dS)zewew<—zq 
dS<Z1-dS‘(Zl-ds)zewew<¢ebas 
(z,)€ =s6a1 ym payloads siajsibel “(8-dS)zgwew<zba‘(p-qS)zewew< bas 
dS<8-dS 
(z,)z =s6a1 yim payloads siajsi6as “(8-qS)zewaw<zBhai‘(py-4s)zewaw< | bas 
L=sBa. yim payloads suaysibe. dS<v+-dS$‘(p-ds)zewow<Bbas 
O= sau yym payloads siajsibas “* sBol> LLLL 9d<—-2+0d | (dS) ‘[ubes" 1681] WAOW 
dS<8r+dS'YV1<(p+dS)zeweu 
‘YIT<(8+dS)zewaw'YqN<(Z1+dS)zewew 
‘W<—(91+dS)zewaw'oy<—( 
‘La<(p2+ds)zewaw'og<=( 
‘ev<(zetds)zeweu'zy—( 
LL =s6e ym payloads siajsiBai ‘€a<(Or+dS)zewew'zq<—(pry+dS)cewew 
dS<r+dS 
‘UuV1< (p+dS)zewew'yI1<—(8+dS)zewew 
‘YON<(ZL+dS)zewau!' |y¥<—(9l+dS)zeuew 
‘Ov<(0Z+dS)zewaw' | q<(p2+dS)zewow 
‘0d<(8z+dS)zewew'eba1—(Ze+qS)zewow 
(L.)0}=sBe1 yum payloads siejsi6e1 “ sBel> OLLL ‘ZBa1—(9e+dS)zguiew' |Ha1—(Op+dS)zewew | [uBe.'|68,)\(4s) WAOW 



































02+dS)cewseu 
82+dS. 
9€+dS. 


) 
) 
Jegwew 
Jegwow 
) 





v 
tj 
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8 Z 9 





apo9 eulyoeyy uoyeredoQ, oluoWaU 
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Appendix 


aykq-y Aq anjea= uq 





ayAq-e Aq onjea= uq 





aykq-z Aq anjea= uq 





ayhq | Aq anjea=uq 





o=uqd 


= ZEUUI> 


{ud ‘ YaW}< (ud .uq) 
ugd<= 40-wq-uq 
uy <— Zewuil - uy 


165 


uq‘wq NW 
ud‘wq oan 
uy"cewul gn 


Instruction Set 





“-ZEUUUU> 


ug <= cellu! - uq 


uq‘zewul an 





uy< Wy - uy 


uy"wy €n 





uq< wy-ug 


uq‘'wy an 





uy <— wq-uy 


uy‘wq gn 





ZEUS 


OLLE TELE 


@ @| 0@| 0/0 e@| e|e|- 


@ @|0@)/e/e|' e/e/e\°- 


ug< wq-uq 
ug< 49+ug+wq 
dS< dS + cewu! 


uq'wq an 
uq'wq od 
ds'eww! 





9] WLU 


OLLL FELL 


dS <= dS + (xe ubis)gp ww 


dg; Ww! 





= QUUULI> 


OLLL LLL 


dS< dS+ (xe ubis)guiui 


ds‘eww! 





ZEUS 


uyoo +ObL 


uy <— uy + Ze 


uy'Zewul 





"9 WU 


uyoo LOLI 


uy <— uy + (}xo ubis)g} Wu! 


uy'g | Wu! 





<"" QuULUI> 


uy <— uy + (}xa UBbIs)gWwwI 


uy"gW! 





"BU 


uqoo Olt 


ug < uq + zewu! 


uq‘zeuu! 





="9] WIP 


uqoo = OOLL 


ug < uq+ (xa ubis)g} wu! 


ug'g | Wut 





<"" QUILUI> 


ug < uq+ (xa ubis)guiw! 


ug‘ gui 





uyuy =LLLO 


uy< uy + WY 


uy‘wy 





uywq O-LO 
uquiy +OLO 


N NEN] NN) St] OO] NN] St] Of OM] SF] OPN NINN] A] OO} OF] NT Ww 


ug<+ uq+ wy 
uy< uy+wqg 


ug'wy 
uy‘wq 











LL= sBau ym payloads suajsibay 





8 


Z 9 
apog eulyoeyy 


uqoo +OLE 


<"" sBal> 


0100 


LELL 


OOLL 





























uqg<+ uq+wq 





ud — 44440000x0 @ ud 
ud — 00004443%0 | ud ‘(}=S$1dquq) JI 
ud <= 44440000x0 8 uq ‘(0=S}dq'uq) JI 
ud = 44000000x0 @ uq 
ud — 00444443%0 | ug ‘(1=Zdq'uq) 41 

ud = 44000000x0 8 ud ‘(0=Zdq"uq) 
YOW <= 44444444%0 “(1=Ledqruq) 
YAW = 00000000x0 ‘(o=1edq'uq) 1 
dS < 8¢-dS'(pr-ds)zewew — HVT 
(Op-ds)zewew — YI1'(9E-dS)ZzeUew — YON 
(Ze-dS)zewaw — 1y'(8z-dS)zewew — OV 
(p2-ds)zewew <— 1q‘(02-ds)zewew — 0d 
(91-ds)zewew <— gy'(Z}-dS)zewew <— zy 
(8-ds)zewew <— eq'(p-dS)zewaw <— zq 


al 
dl 


uoyesado 


LAS NOILONULSNI SAIYAS SEOLNIN/OSOLNIN 








uq‘wq 


Suo}ONSu| UOHe1edO oNAWUY 














(ds)‘s6e1 WAOW 


olUOWWaU\ 





9 WU 


MSd <= MSd | (}x@ 018Z)9 } WU! 


MSd‘9) WW! YO 





= SEU 


ug <— uq| zewu 


uq'zewu! YO 





= 9 WIS 


ug <= uq| (xe 0198z)9, Wu! 


ug‘g} WW! YO 





== BULLI 


ug <— ug | (xe o10z)gwu! 


uq'gww! YO 





“= Q LULUI> 


uqgd< ug|wq 
MSd <— MSd 8 (}x8 048Z)9 | WW! 


uq‘wq YO 
MSd‘9}Wu! CNV 





= SeuUI> 


ug <= ud 8 cewui! 


uq'zewuw! GNY 





= gw 





ug <— uq 8 (xe 019Z)9, WW! 


ug‘g;ww! CNV 





= QUILU> 


ug <= uq 8 (xe o18z) gu! 


ug‘gwiwl CNV 





“= SeUU> 


LOLL 


v 
9 
v 
€ 
@ 
v 
9 
v 
€ 
@ 


o| oO] CO] of @] CO] Cc] oO] ol @ 


Oo] oO] CO] of @] CO] C] ol; ol @ 


uq< ug gwqg 


MSd: cewilul - uy 


ug'wq GNV 
suolonujsu] Uoe18dO 
uy‘Zeww 





= 9, WUUI> 


LOLL 


MSd : (1X 048Z)9 | Ww! - UY 


uy’ gL Ww 





= BUULUI> 


MSd : (1x9 049Z) QW! - Uy 


uy‘gulu 





= ZSUUI> 


OOLI 


MSd : dew! - uq 


ua'zewiu! 





= 9 WUUI> 


OOLL 


MSd : (x9 ubis)g , wu! - ug 


ug‘g} wu! 





= BUULUI> 


MSd: (xe ubls)gwuw - ug 


ug ‘guiuu! 





MSd: Wy - uy 


uy‘wy 





LOOL 


MSd: Wy -uq 


uqwy 





OLOL 


MSd : Wq - uy 


uy‘wq 





MSd: Wq - ud 


uq‘wq 
SUO!]ONIJSU| SATE 
uy PON 





@J0W JO ay\q -p Aqan 


ud'dqW 





aytq-¢e Aq an 


ud'dqW 





9yXq -z Aq an 


ud‘yaW} 





ayfq | Aqan 


ud'dqW 





a10W JO a}Aq -p Aqan 


ud‘ydaw} 
ud‘yaW} 





ayq-e Aqan 


ud'dqW 





ayhq -z Aqan 





eA = 


ud‘yaw} 





9yhq 1 Aq anjea = 


ud‘yaW} 





O= 








ud'dqW 


ay{q-p Aq anjea = uq 





9yhq-¢ Aq anjea = ug 





9yhq-z Aq anjea = uq 





ayAq 1 Aq anjea = uq 








o=ud 





8 


id. 
apo5 euly 


Oey 





























YaN <= Wa % 

(ud +0000000044444444%0 8 (ze >>YaW)) 
ug <= wq/ 

(ud + 0000000044444444%0 8 (Z€ >>yYaW)) 


YaN<— Wd % 
(ud + 0000000044444444%0 ® (2 >>YaW)) 


uq< wq/ 
(ud + 0000000044444444%0 8 (Ze >>yYaW)) 


{ud ‘ HaW } <= (ud .ud) 


uoyesado 





ug‘wa NAld 


uq‘wq Ald 


uq'waq NIN 





yeo1607 








olUOWaU 
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Appendix 


L000 


(zesqe)gwiew 
= (444d44444%0 y (XO 010Z)gUIWU!) gy dia} 
MSd : (}x@_ 0492) gui! 9 dws} 


‘dwa} < (jxa 0198z)(zEsqe)gwaw 


(zesqe) ‘gui 


104 





LEINV/OEIV 10) pasn }ON 


“gy 


sqe> 1000 


((\x@ 049Z)9LSqe)guwow 

<— (44444444%0 v (X98 010z)guIWU!) 9g da} 
‘MSd: (1x 049Z) QUI g dwa} 

* dwia} — (jxa 019z)((xa_019Z)9 | sqe)gua 


(91sqe) ‘gui! 


Y104 





gp> uvlO 


(uy + (xe uBIs)gp)gwow 
<— (444444450 v (X98 0102) guIWU!) g due} 
‘MSd: (jx@_049Z)gWU! g dwa} 
‘dwa} <— (jxa o18z)(uy + (xe UBIS)gp)WeW 


(uy‘gp) ‘gui 


Y108 





(uy)guiew <— (444444440 y Wd) g dws} 
‘MSd : Wd 9 dwe} 
*dwa} — (xe 019z)(uy)gwaw 
(zesqe)guew <— (jxa 0498Z) glu! | dw} 
‘MSd: (1x 049Z) QU! »g diw9} 
‘dwia} < (jxa 0198z)(zesqe)gwaw 


(uy)‘wa 


(Zesqe)‘guiu! 


Y10€ 


1asd 





LEINV/OEIV 10} pasn JON 


((xe” 0182)9 :sqe)guew 
<= (1x8 049Z) glu! | dwa 
‘MSd: (1x 049Z) QUI »g dwe: 
*duia} — (jxa 019z)((Ixa_019Z)9 | sqe)guaW 


(g1sqe)‘guiw! 


1asa 





(uy + (xe ubis)gp)guiow 
<= (1x8 049Z) glu! | dwa 
“MSd ‘(X98 019Z) gw! 9 dua: 
‘dwe} <— (jxa_o198z)(uy + (1xe UBIS)gp)gUIaW 


(uy‘gp)‘guiw! 


1asd 





“ Zesqe> 





(uy)gwew <— wg | dwa} ‘WSd: wg 9 dwa 
‘duwia} <— (jxo O19z)(uYy)gwaW 


MSd: 
(\xa_0492Z)(ZESqe)gwawW 9 (jX9 019Z) QW! 


(uy)‘wa 


(Zesqe)‘guiwi 


ds€ 





LEINV/OSINY 10} pasn }ON 


“gi sqe> 


MSd: (1x@_049Z)((JX9_048Z)9 | SGe)QwWoW 


9 (xO 019Z) QUI 


(gsqe)‘guiu! 


LS 





on 


8p> 


MSd: (}x@_018z)(UY+(1xe UBIS)gp) gue 
8 (xO 0498Z) QUI 


(uy‘gp)‘guiwu 


LS 





= EU 


MSd : Ud 8 ZEW! 


guq'zewiu! 


LS 





9 WIE 


MSd: UG 8 (}x@_0192)9 | WL! 


ugg wu! 


LS 





<" QuIWU> 


= SEU 





MSd : UG 8 (jx8_049Z) gw! 


ug = 4s4d44444%0 v UG 
ud <— Ud vy Zewu! 


ug‘ gui! 








LS 


uq‘zewu! YOX 











9 WUE 


8 Z 9 
apog aulyoeyy 





























ud < Uq y (jx 0198Z)9 , WI 


ugd< Udy wad 


uoyesado 
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uq'g} ww! YOX 


ug‘wq 


o|UOWaU 


YOX 
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Instruction Set 


<"" guiwi> uqoo 


uq < due} | (} >> uq) 
‘49 <— qsurug ‘dwe} <— 49 
uq < dwia} | (xa 019Z)(, << uq) 
‘40 < qsi'uq ‘dwia} — 1g >> 49 
ud — 04444444%0 8 (Z >> uq) 
Od — € + Od ‘(O=(4E XO F QuIW!)) 4] 
ud <= (41X09 glulu!) >> ug 
“(O# (4LX0 8 QUwI)) 4] 


ud 21Sv 


ug‘gwu! 1s 





Od <= 2 + Od ‘(0=(41000000x0 8 wWd)) 31 
ud = (41000000x0 8 wa) >> uq 

‘(0 * (44000000x0  wa)) 41 

ug < (1x@ 049Z)(| << uq) ‘49 <— qs|'ug 


ug‘wq 1Sv¥ 





<" gwW> uqLO 


Od <— € + Od ‘(O=(4EX0 8 Qu) I 





uq < (}x@" 0482)((4 1X0 9 gu!) << UQ) 
“49 <— qsjug‘(0 * (41X08 gw!) 41 


uq‘gwuw! YS7 





Od — 2 + Od ‘(0=(41000000x08Wq)) 41 





ud <- (x8 018Z)((41.000000X0 8 WG) << uq) 
‘49 <— gs'uq‘(0 ~ (44000000x0ewWd)) 41 
uq = (xe ubis)(| << ug) ‘49 < qsjud 


uq‘wq Ys 





<" gw UO} 


Od — € + Od ‘ (O=(41X0 8 Qu) 41 





ud < (xe ubls)((4 4x0 g gu) << uq) 
‘40 <— gsyuq ‘ (0# (44X08 uw) 4] 


uq‘guuw! YSV 











8 


4 
apo eulyoey\ 


Od < 2+ Od‘(0=(44.000000x08Wq)) JI 
































uq <= (xe ubis)((41000000x0 8 Wa) << uq) 
‘4D <— qsi'uq ‘ (0 * (44.000000x089Wq)) JI 


uoyesodo 





uq'wq Ysv 
suojonui 





O|UOWAUI\ 





SU] YIUS 
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Appendix 


qesip/e 


qeus yoursg 


‘ananb uojornsysu] Jo snyeys ay} UO spusdaq:, 


LOOL LOLI 


Od<= b+ Od ‘(L=4Z) 4 





qesip/e 


qeue yourlg 


OOO OL 


) 
Od< ¢ - YV1 ‘(0=4Z) J 
Od= | + Od‘(0=4Z) 4 
Od< 7 - ¥VT ‘(1=4Z) JI 
Od< (xo ubis)gp + Od 


(Od'8P) WH 





qesip/e 


qeue yourlg 


Od — € + Od‘(0 = JN) JI 
Od <= (xe _ubis)gp + Od‘(t = AN) Jl 


(Od‘gP) SNE 





aesip/a 


qeus yoursg 


Od €+ Od 
Od < (xe ubis)gp + Od‘(0 


Od'8P) ONE 





aesip/e 


qeue yoursg 


Od <— €+ Od'(0 


(Od'8P) SAB 





qesip/e 


qeus yourlg 


Od<€+9Od 
Od < (xe ubis)gp + Od‘(0 


(Od‘8P) OAG 





qesip/e 


qeus yoursg 


Od 2+ 9d‘(0 
Od < (}xo_ubis)gp + Od’ 


( 
‘(0 
Od < (xe ubis)gp + Od'(t 
“(L 
‘(0 





(Od'8P) SO 





jqesip/e 


qeue yourlg 


AN) 4 
AN) 4 
AN) 4 
AN) 4 
4A) 4 
AN) 4 
do) 4 
AO) 4 
)4 


Od <— 2+ Od'(0=(4Z | 49) 
Od < (xe ubis)gp + Od'(t=(4Z | 40) 4 


(Od‘8P) S1a 





qesip/e 


qeus yourg 


Od <= 2+ Od‘(b = 
Od < (xe _uBis)gp + Od'(0 = 


(Od‘gP) 908 





qesip/e 


qeue yoursg 


Od<= 2+ Od‘(t=(4Z 1 4 


(Od‘8P) IHd 





qesip/e 


qeue yourlg 


Od <= 2 + Od‘(0=(4A v 
Od= (xe ubis)gp + Od‘(L=(4A v 4 


(Od‘gp) 11a 





aesip/e 


qeue yoursg 


do) 4 
do) 4 
O)) 4 
Od < (xo ubls)gp + a )) 4 
N)) 4 
N)) 4 
) 


Od = 2+ Od'(0=((4AvAN) 
Od < (xe ubis)gp + Od‘(L=((4AVAN) | 4 


dl 


(Od‘gP) 418 





qesip/e 


qeue yoursg 


Od < (xe ubis)gp + Od‘(0=(4A v J 


(Od'8p) 39a 





qesip/e 


qeus yourlg 


Z)) 4 
Od <= 2 + Od‘(1=(4A v AN)) 4 
N)) 4 
) 


Od <= 2+ 0d'(t=((4AvAN) 
Od <= (xe _ubis)gp + Od‘(0=((4AVAN) | 4 


dl 





(Od‘gP) Lod 





jaesip/e 


qeue yoursg 


Od — 2+ 0d ‘(t= 


(Od'8P) AN 











qesip/e 





qeue yourlg 





8 ys 9 
apo5 eulyoeyy 





























Od = 2 + Od‘(0=4Z 


Od (xe uBbls)gp + Od ‘(L=4Z) 


dl 
dl 
dl 


uolye19dO 


LAS NOILONULSNI SAlYAS SEOLNIN/OSOLNIN 





(Od'8p) 03a 
SuOd!}ONJSU 


O|UOWAUI\ 








yoursg 
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Instruction Set 


y= s6o ym payloads siajsi6ai 
“(Od‘9 LP) = 19q2| JI 


‘ananb uoljonujsu| Jo snye}s ay} UO spuadag : 


Od< (xe ubls)91P + Od 

‘UCI G + Od'dS< (xo O10Z)gWUIU! - 4S 
‘(Qt-dS)zewow—ey 
‘(Zl-ds)zewow<zy'(8-ds)zewau<—eq 
‘(p-dS)zewaw<Zq'‘(ds)zewau<— G+ Od 





€ = sBai yim payloads sia 
‘(Od‘9 LP) = leqe| 


Od< (xe ubis)9LP + Od 

‘UCWN< G + Od‘dS< (Ixe 018Z)QWUI - dS 
‘(dS)zewow<gba1'(g-4S)zeuau<—zbai 
‘(p-dS)zewiew< | Bas‘ (qs)zeuaw<— G+ Od 





IM payloads sua: 
“(Od‘9 LP) = 


Od< (xo ubis)9 LP + Od‘ HaN< $+ Od 
‘dS< (1xe_019Z) gu! - dS‘(dS)zewew<—zba1 
‘(p-dS)zewaw< | Bar‘ (4s)zeuau<— G+ Od 





IM payloads sia) 
“(Od‘9 EP) = 


Od< (xe ublIs)9LP + Od 
‘UCN S + Od‘'dS< (xe O18Z)gWI - 4S 
‘(p-ds)zewaw<— | Bau'(qS)Zewaw< g + Od 














IM payloads sua: 
‘(Od‘9 EP) = 
OSWY 40) SeA0A9 4, 








cEp> 


Od< (xe ubis)9LP + Od 

‘UCN G + Od‘'dS< (Ixo O19Z)QWU! - 4S 
‘(ds)zgwaw<— G+ Od 

Od< ZEP + Od'‘((Od'ZEP) = 18qe!) JI 





“9LP> 


Od< (1x9 UBIS)9LP + Od‘((Od'9 EP) = 19ge!) 41 


leqe| VO 


jeqe| dr 





uUvlLO LLLE 


Od < uy 
yV1< G+ Od 
“dl= (1 + Od) zewoew 
Od= - HVT 


(uy) dwe 





qesip/ajqeue yourrg 


Od= | + Od‘(0 = 49) SI 
Od<= 7 - YWT ‘(t= 4D) Sl 





qesip/ajqeue yourrg 


Od= | + Od‘(0=(4Z | 4O)) JI 
Od= v- ¥vT ‘(L=(4Z | 49)) JI 





qesip/ajqeue yourlg 


Od = + + Od‘(t = 49) sl 
Od<= 7- YW ‘(0= 49 





qesip/ajqeue yourlg 


Od<= 1 + Od‘(L=(4Z 
Od= v- YVT ‘(0=(4Z 





qesip/a|qeue yourrg 


Od= 7 - HVT (LE(4A v 





qesip/a|qeue yourrg 


Od= 1 + Od‘(0=((4A v AN) 


d 
Od= v- YVvT(L=((4A v AN) | 4 








qesip/ajqeue yourrg 


Od<= b + Od‘(L=(4A v 


be) 
fe) 
fe) 
is) 
N 
N 
N 
Od<= v- HVT ‘(0=(4A v AN 


d 
d 
A 
d 
di 
r| 
d 
d 
| 
=| 
d 


| 
4 | 

4 | 

Od<= 1 + Od‘(0=(4A v J I 
4 | 

I 

| 

4 | 

4 | 














qesip/ajqeue yourrg 





8 


Z 


9 


apo9 eulyoeyy 
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Od= | + Od‘(t=((4AvAN) | 4Z 
Od — v- YVT (0=((4AVAN) | 4 





) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 


Z 
|Z, 
Z)) Al 


uoyesodo 





o|UOWAaUY\ 








Instruction Set 


170 


Appendix 


OEWV 40} SE[DAI G :, 
L = s6aJ yym payloads Jajsi6au 
‘(Od‘ZEP) = 1aqe| J 


Od < ZEP + Od 
‘HCN < 2+ Od‘dS < (}x@ 019Z)QWUI - dS 
‘(p-dS)zewew — |Bau'(4s)zgwew <— 2+ Od 





OSV 40} SalA0A0 G :, 
0 = s6a1 yim payloads sJajsibai 
‘(Od'ZEP) = 19qe| J 


cep> LOL 


Od < ZEP + Od 
‘YW <= 2+ Od'dS < (xe O18z)gUIU! - dS 
‘(ds)eguiew — 2+0d 





LL = s6a ym payloads siajsi6al 
‘(Od‘9 EP) = 19qe| JI 


‘Od < (Ix ubis)9/P+Od 

‘UW < G+ Od‘dS < (xe O18z)gWIUI - dS 
(pp-ds)zewaw —YVT1'(Op-dS)zewew <—YIT 
‘(9€-dS)zewow —YaW'(Ze-dS)zewow — ly 
‘(8z-ds)zgwew —Oy‘(p2-dS)zewew <1 
‘(0Z-dS)zewew —0q‘(91-ds)zewew —Ey 
‘(ZL-dS)zewow —zy‘(8-dS)zewew eq 
‘(p-dS)zewaw <—zq'(ds)zewew< G+ Od 





OL = s6au uM palyloads suajsiBeu 
‘(Od'9 LP) = 122! 41 


Od < (xe ubis)9LP + Od 

‘YON <— G+ Od'dS < (xe O10Z)gWW! - 4S 
‘(Op-dS)zewew —Yyy7 

‘(9E-ds)zewew <—y/7'(Ze-ds)zewew —YaW 
‘(8Z-dS)zewoau —|V'(p2-dS)zewew —OV 
‘(0z-ds)zewew —1q‘(91-ds)zewew —0q 
“(ZL-dsS)zguew —¢6bei'(g-qs)zgwew —zBar 
‘(p-ds)zewaw <—|Bai‘(qs)zewew <— G+ Od 





6 = shal yim payloads siaysibal 
‘(Od‘9 EP) = 1aqe| J 


Od < (xo UBIS)9LP + Od 

‘UW <= G+ Od‘dS <= (xe O19Z)gUU! - dS 
‘(ge-ds)zewew —YV1(Ze-dS)zewew —YIT 
‘(8Z-dS)zewew —YqW' (y2-dS)zewow —Ly 
‘(0Z-dS)zeweaw —OV'(9l-dS)zeweu —}.q 
‘(Zb-dS)zewow —0q‘(8-ds)zewew <— zbar 
‘(p-dS)zewew —|Be1(qS)‘zewew — G+ Od 





g = sbhal ym payloads siaysibai 
‘(Od‘9 EP) = 12qeI JI 


Od < (x ubls)9LP + Od 

‘UCN <= G+ Od‘dS <= (xe O18Z)QWIU! - dS 
‘(Ze-ds)zewew —Yyy7 

‘(8Z-dS)zewew —Yy!1'(pz-dS)zewow —YOW 
‘(0z-ds)zewow <—}y'(9}-ds)zewew —oV 
‘(Zl-ds)zewew —1.q‘(g-ds)zewew —0d 
‘(p-dS)zewew —|Bau'(4s)zgwew <— G+ Od 








Z = $691 ym payloads sua}si6o1 
‘(Od‘9 EP) = 18qe| JI 





<7" QuWUI> 


< 


8 


shel> <<" 


Z 
apo5 euly 


‘OLP> LOL 


9 
oe 
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Od < (1x9 ubis)9LP + Od 

‘UGW <= G+ Od‘dS =< (xe O18Z)BWIU! - dS 
‘(82-dS)zewow —yyT1'(p2-ds)zewew —YI7 
‘(Oz-ds)zewew —YqWi'(9}-dS)zewew — Ly 
‘(Z-ds)zewew —oy'(g-ds)zewaw —}.q 
‘(p-dS)zewew — og'(ds)zewaw — G+ Od 


uoyesado 





leqe| T1VO 


OIUOWSUI\ 
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Appendix 


OSV 10) Saj9A0 H} , 
OL= shai ym payloads siajsibal 


‘(Od‘ZEP) = eq] 4 


Od <— Z€P + Od 

‘YG < 2+ Od‘dS < (1X9 0102Z)gUIUI - dS 
‘(Op-ds)zewew —Yy1 

‘(9E-dS)zewoew —y/7'(ZE-dS)zewaw —YOW 
‘(8Z-dS)zewew — }y‘(p2-ds)zewew oy 
‘(0Z-dS)Zeweu —1.q'(9}-ds)zewew —0g 
‘(ZL -ds)zewew <¢be1'(g-qs)zewow <—zba1 
‘(p-ds)zewaw <—|Bai'(ys)zgwew <— 2 + Od 





OEWY 40} sajoAo g} :, 
6 = sbal ym payloads siajsibos 
‘(Od'‘ZEP) = 2qeI J 


Od <— ZeP + Od 

‘UG < 2+ Od‘dS < (1X8 01982) - dS 
‘(9e-ds)zewew <—yy71‘(ze-ds)zewew —Y/7 
‘(8z-ds)zewoaw —YWN'(p2-dS)zewew — Ly 
‘(0Z-dS)zewoaw —OVy‘(91-ds)zewow —1q 
‘(Z-dS)zewew —0q'(g-ds)zewew <— ze: 
‘(p-dS)zewew —|Ba'(4s)zgwew — 2 + Od 





OSV 40} Saj0A0 Z|: 
8 = sba1 YM payloads suajsibas 


‘(Od‘ZEP) = 2qeI J 


Od <— ZeP + Od 

‘YG < 2+ Od'dS < (1X9 0492) gUILUI - dS 
‘(ze-ds)zeweuw —Yy1 

‘(8z-ds)zgwew —y|1'(p2-dS)zewew —YaWN 
‘(0Z-ds)zewow — y"(9l-ds)zewew oy 
‘(Z-ds)zeweu —1.q‘(8-ds)zeweu —0q 
‘(p-dS)zewew <|Ba'(4s)zewew <— 2 + Od 





OW 40) SajoA0 1}, 
Z = s6a1 ym payloads sa}sibe1 


‘(Od‘ZEP) = qeI 4 


Od <— Zep + Od 

‘UCN <— 2 + Od‘dS < (1X8 0192) QUILUI - dS 
‘(8¢-ds)zewow —yyT1'(p2-dS)zewaw —y!7 
‘(0%-dS)zewew —YqW'(9}-dS)zeweu —|V 
‘(Zl-ds)zewow —oy‘(g-ds)zewaw —1q 
‘(p-dS)zewew —oq'(ds)zewew <— 2+ Od 





OEWV 40} sajoAo g :, 
y = sBa uym payloads siajsibos 
‘(Od'‘ZEP) = [2qeI J 


Od = Zep + Od 

‘HOW < 2 + Od‘'dS < (1x8 01982) - dS 
‘(QL-ds)zeweu ey 

‘(ZL-dS)zewew <—zy‘(8-dS)zewew —Eq 
‘(p-dS)zewaw —zq'(ds)zewew <— 1+ Od 





OSV 10} SajoA9 7 :, 
€ = shal ym payloads siajsi6a. 


‘(Od ‘ZEP) = 2qe| J 


Od < Z€P + Od‘HOW <= 2+ 0d 
dS < (xe 048z)guIW! - dS'(4S)zewiew <¢g6e1 
‘(8-ds)zewew —z6a‘(p-qS)zewew —|6e1 

‘(ds)zgwew <— 2+ Od 








OS 40} Sa[AoA0 9 :, 
Zz = s6oi ym payloads siajsi6a. 


‘(Od‘ZEP) = qe] 4 





8 Z 9 
apo5 eulyoey\ 


cep> 


LOLL 


LOLL 











Od < Zep + Od‘HOW <= 2+ Od 
‘dS < (xe 019Z)gUI! - 4S‘(dS)zgwiew <—zbe1 
‘(p-dS)zewew <—|Ba'(4s)zguiew <— 2 + Od 




















uojeiado 


15S NOILONUYLSNI SAAS SEOLNIN/OEOLNIN 





leqe| TIVO. 


o|UOWaUY\ 
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Od = (as)zeweu 

‘UW <—(Ze-dS)zewow'y!7 —(8z-dS)zeweu 
‘HOW <—(2-dS)zewau' }y —(0Z-dS)zeweul 
‘OV —(9l-dS)zewew' tg <(Z1-ds)zeuiew 
‘0d <-(8-dS)zewaui' | Bas <—(p-4S)zeweul 
‘dS < (1x9 019Zz)QgWWwI + dS 





g= s6o1 ym payloads si9jsibe1 


Od < (ds)zewew'yy7 —(82-ds)zeweu 
‘UI1 <—(b2-dS)zewew'yYqN <—(0z-dS)zewew 
‘Lv —(91-dS)zgwew'oy <(Z1-ds)zewew 
‘Ld —(8-ds)zewew'og —(7-ds)zewew 

‘dS < (1x9 010Zz)QWWwI + gS 





IM payloads sia}si6a1 


Od = (d4S)zeweu 

‘ev —(91-dS)zewew'zy <(Z1-dS)zewew 
‘Ed —(8-dS)zeweu'zq <—(p-dS)zewew 
‘dS < (1x9 040Zz)gWwI + dS 





IM payloads suajsi6au 


Od <— (as)zewew'ebe1 —(Z|-as)zewow 
‘gBa1 —(g-4g)zewew' |e: —(p-4g)zewew 
‘dS < (1x9 0198z)QWI + dS 





OEWY 40) sajofo p:, 
IM payloads siajsi6a. 


Od < (as)zewou 
‘26a1 —(g-dS)zeuiow'' | 6a —(p-qs)zeuiow 
‘dS < (1x9 048z)guU + 4S 





OW 10} sajoAo 7:,, 
IM payloads suajsi6a. 





Od < (ds)zewaw ‘Bai —(p-4S)zewew 
‘dS < (1x9 049Z)QWWI + gS 





OSWV 40} sajoAo 7:, 
IM payloads suajsi6a. 
OEWY 40 sajofo 4, 
IM payloads siajsi6a. 








< 


“guui>  <"" sBal> 


cep> LLEEL LILLE 





Od < (ds)zewew' gs < (1x8 019Z)gWILU! + dS 
Od <= ZeP + Od ‘HUW 9+ Od 
‘(dS)Zewaw — 9 + Od ‘((Od‘ZEP) = 18qe!)) 41 





OSW 40) sajoAo 7 :, 


QIP> LLLE FELL 


Od < (1x8 UBIS) 91P+ Od ‘HOW <= b + Od 
‘(ds)zewew — 7 + Od ‘((Od‘9tP) = 18qe!) JI 


leqe| STIVO, 








OSWV 40} sajoAo ¢ :, 
LL= s6a1 UjiMm payloadssia}si6a1 
‘(Od‘ZEP) = lege! 4 





<" gWI> 


< 


sBai> 


<n 


8 


Z 
apo5 euly 


uyoo LEE 


cEp> 


9 


Oey 


LOLL 


LAS NOILONULSNI SAlIYAS SEOLNIN/OSOLNIN 


LOLL 


























Od < uv 

‘HOW =< 2+ Od‘(dS)Zeueu <— Z + Od 

Od <= Z€P + Od 

‘UG =< 2 + Od‘dS <= (x8 018Z) ULI - dS 
(pp-ds)zewew —YyVT (Op-dS)zeweu —Y!7 
‘(9e-dS)zewew <—YqW'(Ze-dS)zewew — Ly 
‘(8Z-dS)zewow —OVy‘(y2-dS)zewaw —1q 
‘(0Z-dS)Zewaw —0G‘(9l-dS)zeweu —Ey 
‘(Zb-dS)zewow —zy‘(8-dsS)zewew —Eq 
‘(p-dS)zewaw <—zq'(ds)zewew <— 2+ Od 


uoyesodo 








(uy) sTIvo 


leqe| T1VO 


olUoWeU 
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8 = s6a1 ym payloads si9jsi6e1 


‘uv <—(Zé-dS)zewew'y 


11 —(82-ds)zeweu 


) 
‘YW <—(2-dS)zeweu' |W —(0Z-dS)zeweul 
) 


‘OV — —(91-dS)zewew' | 


d <(Z1-ds)zewew 


‘0d <—(8-dS)zeweu' |6e1 <—(p-dS)zewew 
‘Od <— YCW'dS < (1x8 010Z)QWII + 4S 





Im payloads suajsi6a. 


v1 <—(82-ds)zeweul 


‘YI1 <—(b2-dS)zewew'yq 


W <(02-dS)zeweu 


‘lw —(91-dS)zewew'oy <(Z1-ds)zewew 


‘Ld —(8-ds)zeweu' 
‘Od — HGW'ds <= ( 


0d <(b-ds)zewow 
xX 0J9Z)QWLUI + dS 





IM payloads sia}si6a1 


‘ev —(91-dS)zewew'zy <(Z1-dS)zewew 


‘ed <(8-dS)zewew' 
‘Od — HaW'ds < ( 


zd <(p-ds)zewew 
X98 0J9Z)QWU + dS 





€ =s6e. yim payloads siajsi6as 


e6a1 —(Z|-dS)zewew 


‘Bai —-(8-dS)zewow' | 
‘Od — HaW‘ds < ( 


Bal —(p-ds)zewew 
XO 0J9Z)QWIUI + 4S 











Zz = sBa, yim payloads siajsibos 


‘bal —(8-dS)zewow' | 
‘Od — HaW'ds < ( 


Bai —(p-dS)zeuaw 
x9 0J9Z)QWUI + dS 





| =sBe1 ym payloads 12: 


siBa1 


6a1 —(p-dS)zewaw 
‘Od — HOW'‘dS < (1x9 019Z)gWIWI + dS 





0 = shal ym payloads 13 





siBas 


LL =sBeJ yyim payloads siejsibeu 


<" QUIWI> 


< 


sbel> OLLL 





‘Od — HAWS < (1X8 O10Z) QW + 4S 

Od <= (ds)zewaw'yy7] <—(pr-dS)zewiew 
‘YI1 —(0p-dS)zewew'YqW <—(9e-dS)zewew 
‘LW <—(Z€-dS)zewew'oy —(8z-dS)zewew 
‘La —(p2-ds)zewaw'og <(02-ds)zewew 
‘ev —(91-dS)zgwew'zy <(Z1-ds)zewew 
‘ed —(8-dS)zeweu'zq —(7-dS)zeuew 
‘dS < (1x9 040Zz)QWWI + gS 


) 
) 
) 
) 





OL =s6e1 yim payloads suajsibe, 


Od <= (ds)zewew 
‘YW —(Ob-dS)Zewaw'y17 —(9E-dS)zeweu 
‘HaW <(Z€-dS)zewew' ty —(8z-dS 
‘Ov <-(p2-ds)zewaw' tq — 


ZEwaw 


) 

( ) 

(02-ds)zewow 

‘od —(91-ds)zewew'e6er —(z1-qS)zewew 

‘Bal —(g-4S)zewew' | 6a: —(~-qs)zeuiew 
‘dS < (]xe 019Zz)QWIWI + 4S 








6 = sal yim payloads siajsi6ai 





8 


<"" QUIWI> 


Z 9 
apo9 eulyoeyy 


<n 


sbal> 


LELL 


LAS NOILONULSNI SAlIYAS SEOLNIN/OSOLNIN 





























Od <= (ds)zewaw'yy7 —(9e-dS)zewew 
‘Ul1 —(Ze-dS)zewew'YqWN <—(8z-dS)zewew 
‘LW <—(p2-dS)zewew'oy —(0Z-dS)zewew 
‘Ld —(91-ds)zewaw'og <(Z1-dS)zewew 
‘bal —(8-dS)zeweuwl | be: —(p-ds)zewew 
‘dS < (1x9 O18z)QguWI+ dS 


uoyesodO 





o|UOWAaU\ 
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Appendix 


OLLL -EEE 0000 Od = 01000006x0'(dS)zewew <— Z+ Od 
dS<8+dS 
‘Od = (p+dS)zgwaw'MSd <— (dS)g9}Wwew 
LOLL FLEE 0000 Od = (as)eguiew 
dS< pt+dS 
(auNougns 9ajndexe) 
Od < Zep + Od ‘HAW < 9 + Od 
‘(€+dS) — 9+ Od'dS <— ¥- dS 
O&W 40) sajofo g :, “((Od‘ZeP) = eqel ) I 
dS< vtdS 
(aulNouqns ayndex—) 
Od <= (xe ubis) 91P + Od‘HGW <— ¥ + Od 
‘(dS)zgwew — p+ Od‘dS<—>-dS 
‘((Od‘9EP) = lege! ) I leqe| usr 
dS<v+dS 
(a@uNouqns ayndexa) 
‘Od <— uy‘HAW <— 2+0d 
(ds)zguiew — 2+ Od‘'dS<— -dS 
OSV 10) sajoAo 4 :, OOlL LLL 0000 Od < (dS) 
yv1 <—(bb-dS) 
‘YI —(0p-dS)zewew' Yq <-(9e-ds)zewew 
‘Ly —(Z€-dS)zewew'oy —(8z-ds)zeweu 
—( ) 
—( ) 








Zewow 
zZewew 


‘Ld <(p2-dS)zewew'og —(0z-ds)zewew 
‘ev —(91-dS)zewew'zy —(Z1-ds)zeweu 
‘ed —(8-dS)zewew'zq —(p-dS)zeuew 
LL =s6e yyim payloads sia}si6e1 ‘Od <— HAIN'dS < (1x8 018Z) QW! + dS 
‘UV —(0p-dS)zewew'y!7 <—(9e-dS)Zzeuew 
‘YCW <(Ze-dS)zewaw' Ly <-(gz-ds)zewew 
‘Ov <—(p2-dS)zgwew' 1g <(02-ds)zewew 
‘0d <-(91-ds)zewew'ebe1 —(Z|-qS)zewow 
‘Za —-(8-dS)zewaw' | Bai —(p-qS)zewew 





0} =s6eu ym payioeds suajsibar ‘Od — HAW‘dS < (1x 010Z)guIU! + dS 





YV1 —(9€-dS)zewow 

‘YI <—(Z€-dS)zewew'yqW <—(8z-dS)zeuew 
‘LY <—(p2-dS)zewew'oy —(0Z-ds)zeweul 
‘Ld —(91-ds)zewaw'og —(Z1-ds)zeweu 
‘Bal —-(8-dS)zewew' | Bai —(p-qS)zewow 
6= sBai UM payloads si9}si6el <"" QUULUI> <"" sBai> OLLEL ‘Od _ YOW‘dS <_ (\xa_0498Z) QUI +dS 











8 9 


@po5 aulyoey uolyesadoQ, O|UOWSUY\| 


LAS NOILONULSNI SAlHAS SEOLNIN/OfOLNIN 
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Instruction Set 


uq do (ixo_ubis) gu! 


uq*guiu! 





uq do (}xa_ubis 


WWW! 


ug’ gui 





uq do (}x@_ubis 


ug‘ gui} 





8 
Ulu 
8 


WU 


ug‘ gui! 





uq do 


ug‘ gui 





) 
) 
uq do (}x@_ubis) 
) 
) 


uq do (}x@_ubis) gut 


ug‘ gui} 





( 
(xe UBiIs)guUuW! 
( 
( 


uq do (jxo_ubis) gu! 


ug‘ guluu 





uq do wq 


ug‘wq 





uq do wq 


uq‘wq 





uq do wq 


ug'wq 





uq do wq 


ug‘wq 





uq do wq 





uq‘wq 





uq do wq 


ug'wq 





uq do wq 


ug‘wq 





uq do wq 


uq‘wq 





uq do wq 


ug‘wq 





uq do wq 


ug‘wq 





uq do wq 


uq‘wq 





uq do wq 


uq‘wq 





uq do wq 


ug‘wq 





uq do wq 


uq‘wq 





uq do wq 


uq‘wq 





uq do wq 


ug‘wq 





uq do wq 


uq‘wq 





uq do wq 


uq‘wq 





uq do wq 





ug‘wq 





uq do wq 


uq‘wq 





uq do wq 


ug'wq 





uq do wq 


uq‘wq 





uq do wq 


uq‘wq 





uq do wq 


ug'wq 





uq do wq 


ug‘wq 








uq do wq 


uq‘wq 





uq do wq 


uq‘wq 





uq do wq 





ug‘wq 





uq do wq 


uq‘wq 





uq do wq 


uq‘wq 











8 z 9 
apog eulyoeyy 


€ 
€ 
€ 
€ 
€ 
€ 
€ 
@ 
é 
@ 
@ 
@ 
@ 
@ 
@ 
@ 
@ 
@ 
@ 
@ 
@ 
@ 
@ 
@ 
@ 
@ 
@ 
@ 
@ 
é 
@ 
@ 
@ 
@ 
@ 
@ 
@ 
@ 
@ 

















uoyesado 


LAS NOILONULSNI SAGAS SEOLNIN/OEOLNIN 

















uq do wq 
uq do wq 














uq‘wq 
uq‘wq 
SuOHONJ|SU| UOISUa}XF 











olUOWaU 
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Appendix 


9 WUI> 


uq < uq do ( 


xa ubis)9 , Wu! 


ugg wu} 





9 WUUI> 


ug < uq do (j 


xa ubis)9 LW! 


uq'g ;wiu! 





"9 | WULI> 


uq < uq do ( 


xa uBIs)9 | Ww! 


ugg pw} 





9, WUUI> 


ug < uq do (j 


xe uBbIs)9 LW! 


uq‘g ; wu! 





"9 | WULI> 


xo uBIs)9 ; Www! 


ug‘9 }wu! 





9, WUUI> 


ug < uq do 


xa _ubis)9 LW! 


ug‘ pw! 





9 WULI> 


xa uBIs)9 } ww! 


‘gw 





9, WUI> 


ug < uq do 


xa ubls)g} Wu! 


ug‘ ww} 





9 | WUUI> 


( 
( 
uq < uq do ( 
( 
( 


ug < uq do 


xa ubls)g} Wu! 


uq'g ;wiu! 





“9 | WULI> 


uq <uq do ( 


xa UB! 


ug‘ pw} 








AP AT A) A} Ay Al al af af al a 


9, WUUI> 


ug <— uqdo 


xe ubIs)9} WU! 


uq'g ;wiuu! 








“9 | WULI> 


uq < uq do 


xo uBIs)g} Www! 


ug‘9 wu! 





A) A 


9, WUUI> 


IS 
IS 
IS 
IS 
IS 
IS 
IS 
IS 
IS 
IS 


xa _ubis)9} Wu! 


ug‘ pw! 





9, WUUI> 


uq < uq do 


xa _uBIS)9 | Ww! 


‘g wu! 





9, WUUI> 


( 
( 
uq < uq do ( 
( 
( 


uq < uq do 


) 
} 
) 
) 
) 
) 
9, wut 
) 
) 
) 
) 
} 


xa ubis)9} ww! 


ug‘ wi} 





9, WUUI> 


ug < uq do (j 





xe ublIs)g} Wu! 





uq'g ;wiu! 





OEWV JO. 


= BWUUI> 


xa uBbls)guiuwu! 


ug‘ gui 





OEWV JO. 


= BUILLI> 


xe uBIs)gwu! 


ug‘ gui! 








OEWV JO. 


= BWUI> 


xo uBls)guu! 


ug‘ guiu 





OEWV JO. 


= BUILLI> 


xa ubis)gwu! 


ug‘ gui! 





OW JO. 


* gUWI> 


xo uBbls)guiu! 


“QuiLU! 





OEWV 0. 


= BUILUI> 


xo ubls)guiu! 


ug’ gu 





OW JO. 


= BUILII> 


x@ uBls)gwu! 


uq*guiut 





OEWV JO. 


= BWUI> 


xo uBls)guiuw! 


ug‘ gui 





OEWV JO. 


= BUILLII> 


xe uBbIs)gwu! 


ug‘ gui! 








OEWV JO. 


= BWUI> 


xo uBls)guiu! 


ug‘ guiuu 





OEWV JO. 


= BUILLI> 


xa ubIs)gwul! 


ug‘ gui! 





OW JO. 


= BULLI 


xa uBls)guiu! 


“Qui! 





OEWV 0. 


= BUILLI> 


xo uBls)gwiu! 


ug‘ gui 





ON 40. 


= BUILII> 


BLU 


uq*guiut 





OEWv JO. 


= BWUI> 


xa UB! 


ud’ gui 





OEWV JO. 








= BUILUI> 


x9 uBIs)gwu! 


ug‘ gui! 








= BUIUII> 


ug «ug do 


xo uBls)guuu! 


ug‘ guiu 





= BUILLI> 


ug <uq do 


xa _ubis)gwu! 


ug‘ gui! 








= BUIULI> 


uq <uq do 


xa uBls)guiuu! 


“Qui! 





= BWUUUI> 


uq <uq do 


xo uBls)guiu! 


ug‘ gui 





= BUIWI> 


ug <uq do 


x@ uBls)gwiu! 


uq‘guiut 





= BWUUI> 


ug <uq do 


xa uBls)guiuwu! 


ug’ gui 





= BUILUI> 


S 
S 
iS 
iS 
S 
S 
iS 

xa ubis 
iS 
S 
S 
S 
iS 
S 
iS 


x@ ubls)gwu! 


ug‘ gui} 











8 


= BUIWLI> 


A ALATA AL AT at at alata at al at al ap al ay ata} alata] ala 


= BUUILII> 


Z 9 


ug «ug do 


OF] OO] MO] MM] MM] OM] MH] HM] OM] MH] MH] HM] HM] MH] HM] OM] M] OM] HM] MO] MM] HM] OO] OO) SP sy Sl Sp sl sp spel tye ty ty ty ty ty os 


ug <uq do 





























uoyesado 


LAS NOILONULSNI SAIYAS SEOLNIN/OSOLNIN 


xo uBls)guiuwu! 





y 
) 
y 
y 
) 
y 
) 
y 
) 
y 
y 
Jguiu 
y 
) 
y 
) 
y 
y 
y 
y 
) 
y 


xa ubis)gwul! 





uuu! 





ug‘ gui! 


o|UOWaUY 
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Den 10 me ro Ta rr cr “SeuIU> 9 Ta do seul TO Zou an 
Oey 40 a5 ate Tar ae We “SeuU> 9 tq do Zeuiu Ta Zeuu an 
OeWy 10) aa ae an =F an = “ZeuU> 9 ug do Zou ba'zouun an 
Ogi 10 fae mae = ar = = “ZeuU> 9 tq do seu Ta Zou on 
oeWy 10) ; Secor “eSuWU|> 9 ug do zeww ua‘zewu! €z4an 
Oey 10 mae cae s Tae Tae = “ZeuU> 9 tq do sou Ta'Zeuun an 
OW 10 sre rr a aay ZeulLI> 9 tq do Zeuiu DorZeu an 
OI 10 ath Tae are ne arr are “SeulU> 9 ug do geuiu Ua Zeu an 

“SG ULU|> 9 uq < uq do zewiwi uq‘zewul an 
"@EuwUl> 9 uq < uq do zewwi ug'zewuwl ~L4an 
“SEU > 9 uq = uq do zewu! uq'@euw! qn 
“Ze wuU|> 9 ug < uq do zewu! uq'zeww! Z4Gn 
“SEU > 9 uq <— uq do geww! uq‘zewuwi an 
“SE UILU> 9 uq < uq do zewiwi uq‘zewul an 
“ZEwWuUl> 9 uq < uq do zewwi ug‘zewuw 6040N 
“SS ULU|> 9 uq < uq do zewiwi uq‘zewul an 
“ZeuwWul> 9 uq < uq do gewwi ug'zeww! Z040N 
“SEU > 9 uq = uq do zewu! uq'zeuwi an 
“-SEui|> 9 uq <= uq do zewui ug'zeww! sojan 
“SEU > 9 uq < uq do zgwiu uq‘zewul an 
“SE WILU> 9 uq < uq do zewiwi uq‘zewul an 
“"ZEwWU|> 9 uq < uq do zewwi ug‘zewuwl Z2040N 
“"@GUILU|> 9 uq < uq do zewiwi uq‘zewul an 
“-SEuLU|> 9 uq <= uq do zewui ug'zeww! oo4an 
OEWV 40. “QL LULUI> v uq do (}x@_uBis)9 , wu! uq‘g | ww! an 
OEY 0. a ia “"Q ; WILUI> v uq do (xe ubis)g , ww! ug‘g}wuwi ~e4an 
Oe 40. pans a5 "9 | WLUI> v uq do (}xa_ubis)9 Ww! uqg‘g | ww an 
OEWV 40. eae ene “"°Q | LULUI> v uq do (}xa_uBbis)9 | Ww! uqg‘g | ww an 
OEY 10. _ _ “-Q . WLUI> v uq do (}x@"_ubis)9 | wu! ug‘g,wuwi 1¢40n 
OEWV 40. a a “"°Q | WLUI> Y uq do (}x@_uBis)g , wu! uq‘g | ww! an 
OEY 40. os aes “QL WLUI> v uq do (}x@_ubis)9 | Ww! uqg‘g , ww an 
OEWV 40. “"Q | LWLUI> Y uq do (}x@_uBis)9 , wu! uq‘g ; ww! an 
O€WY 10. ai — “Q ;WILUI> v ud do (xe ubis)g | ww! ug‘gpww! 224an 
OsW JO. "QL WUUUI> v ud do (}x@"ubis)g | ww! uq'g;wul 9z4an 
OEY 40. pia oS “"Q | WWUI> v uq do (}x@_ubis)9 | Ww! uq‘g | ww! an 
OEY 40. ag = "QL WLUI> v uq do (}x@_ubis)9 | Ww! uq‘g | ww! an 
OENV 40. naa mA “"Q | WLUI> v uq do (}x@_uBis)g | wu! uq‘g | ww! an 
OEY 0. ci i “"Q  WILUI> v uq do (xe ubis)g , ww! ug‘g;ww! 2z4an 
OSV 40. pee ae "Q }WWLU|> v uq do (jx uBis)9 | Wu! ug'g}ww! 1240n 
Of 40. re me “QL WWW> v uq do (}x@_ubis)9 | Ww! uq‘gL ww! oz4an 

bec. rf a er s ot . : Spe Bunion 2 Mi y ¢ ae root a0 aA uoyesodO o|uOWdUY| dnd] oo 

<4 
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Appendix 


OEWV 40) 


XO O19Z) QW! 


ud'ulul| 





DEW 40) 


XO O19Z) QW! 


ud'guiul| 





OEWv 40! 


X@ 0J9Z) QW! 


ug‘guiu! 





OEWV 40) 


WLU 


uq‘gwiw! 





OEWV 40) 


X@ 0J9Z)QUULU! 


ug'guiui| 





DEW 40) 


X8 O19Z 
Z 


x9 0J9Z)QUULU! 


ug'euiui| 





OEWv 40! 


X9 O19Z 


ug'euiu 





OEY 40, 


X@ 0J9Z)QUULU! 


ug'guiu 





OEWV 40) 


X@ 0J9Z)QUULU! 


ug'euiul| 





OE 40) 


8 
8 
8 
ETT 
8 
8 
8 


x9 0J9Z) QUI 


ug‘guiu! 





OE 40; 


Ay Ay al ay ay al ay al al ala 


X@ OJ9Z)QUULU! 


ug'guiu 








OEWV 40) 


X@ 0J9Z)QUULU! 


ug'guiui! 





OE 40 


X9@ 0J9Z)QUULU! 


ug‘ guiuu! 





OeWv JO 


x9 0J9Z)QUULUI 


ug‘guiu! 





OEY 40. 


X@ 019Z)QWIWI 


ug'guiu 





OEWv 40 








X98 0J9Z)QUULU! 


ug'euiu! 





X@ 0J9Z)QUULU! 


uq'guiu| 





WWW! 


ug‘guiu! 








X@ OJ9Z) QW! 


uq‘gwiu! 





X98 0J9Z)QUULU! 


ug'guiui! 








F 4 
X@ O19Z 


ug'guiuu! 





x9 0J9Z)QUULUI 


ug‘guiu! 





X@ 019Z) WWI 


ug'euiu| 





UU 


ug'guiu! 





X@ 0J9Z)QUULU! 


ug'guiu| 





AL AP Ay AT alata alata} ap alata 


X98 O19Z 
Z 


x9 0J9Z)QUULUI 


ug‘guiu! 





X@ OJ9Z) QW! 


ug'euiu! 








X@ 0J9Z)QLULU! 


ug'guiuu! 





8 
8 
8 
8 
8 
8 
8 
8 
8 
QUILU! 
8 
8 
8 
8 
8 
8 
8 
IXx9_019Z)¢! 


WWW! 


ug‘ guiuu! 





X9 0J9Z)QUULUI 


uq‘gwiul! 





) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
Xo 0192) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 


X@ 0J9Z)QUULU! 


ug'guiu 








OEWv 40 


ZS UUUI> 





XO 019Z) QW! 


uq do zeuww! 


ug'guiu! 


uq‘zew! 





OeWv Jo 


-ZeuUI> 


uq do zewu! 


ug‘zeww! 





OeWv 40 


“ZeulWU> 


uq do zeuww! 


uq‘zewu! 





OEWV 40 


“ZeulUI> 


uq do zeww! 


uq'zewiu! 





OEWv 40 


-ZEuULI> 


uq do zeww! 


uq‘zewu! 





OeWv JO 


Ze uUUI> 


ug do zewu! 





ug‘eewiw! 








OEY 40. 


ZeuUUI> 


uq do zeuwi 


uq'zewul! 








OEWv 40 











8 


ZeuUUI> 


Z 9 


OO} OO} OO} Of Of] Of] Of OF M] OM] MH] HM] HM] HM] M] HM] M] HM] HM] HM] TM] TM] HM] M] HM] MH] M] TM] TM] TM] MH] HM] YM] MM] M] TM] TM] TM] MH] 


uq do zeuwi! 














uoyesodo 
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uq‘zew! 


OIUOWSUI\ 
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-ZeulU> 


uq < uq do zgwwi 


uq 


‘ZEW! 





-ZEuUUI> 


uq < uq do zeuiu! 


uq 


‘CEWW! 





-ZEuUI> 


uq < uq do zgwwi 


uq 


‘ZEW! 





-ZeulULI> 


ug < uq do zewiu! 


ug‘e 


Ulu 





Ze uUUI> 


uq < ug do zguiu 


‘Zou! 





-ZeuuI> 


ug < uq do zgwwi 


uq'2 


Ulu 





-ZEuUUI> 


uq < uq do zguiuwi 


uq 


‘ZEW! 





-ZEuUI> 


uq < uq do zewwi 


uq 


‘ZEW! 





OEWV JO. 


“9 | WULI> 


X@ 049Z)Q | WWI 


uq 


“g ;Wiu! 





OEWV JO. 


9 | WIUUI> 


X98 019Z)Q9 | WI 


‘g;wiw! 





OW 40. 


gL WWUI> 


X9@ 0J9Z)9 | WLI 


uq 


‘g pw 





OEWV JO. 


9 | WIWUI> 


X98 019Z)9 | WU! 


‘gw! 





O&WV 40. 


9 | WUI> 


X8 019Z)Q | WU! 


uq 


‘gp wu 





OEWV JO. 


"9 | WU 


X98 019Z)Q | WLU! 


uq 


“Q LWW! 





OE JO. 


9 | WUI> 


X@ 0J9Z)Q | WI 


uq 


‘gj wu 





OEWV JO. 


9 WUU> 


X9 0J98Z)9 | WWI 


uq 


“g;Wiwu! 








OEWV JO. 


"9 | WUI> 


X98 019Z)Q | WI 


‘g;Wiw! 





O&WV 40. 


g | WWUI> 


X9@ 0J9Z)9 | WLI 


uq 


‘gp wu 





OEWV JO. 


"9 | WU 


X98 0J9Z)9 | WLI 


‘gw! 





OfWV 40. 


9 | WU> 


X8 019Z)Q | WU! 


uq 


‘g jw! 





OEWV JO. 


9 WU 


X98 019Z)Q | WLU! 


uq 


“g ;WWU! 





OE JO. 


9 | WUI> 


X98 0J9Z)Q | WWI 


ug 


‘gj wu) 





OEWV JO. 


9g | WUI> 


X9 0J9Z)9 | WWI 


uq 


“g ;WiWu! 








OEWV JO. 








9 | WUI> 


X98 019Z)Q9 | WI 


‘g wi} 





9 WU> 


uq 


‘gp wu 





9 | WU 


X98 0J9Z)Qg | WWI 


‘gw! 





9 | WUI> 


X@ 049Z)Q | WU! 


ug 


‘g jw! 





9 WU 


XO 019Z)9 | WI 


uq 


“Q LWW! 





9; WU> 


uq < uq do (}x@ _019Zz)9 | Wu! 


uq 


‘g wi! 





9 | WWUI> 


ug < ug do (jxe_019z)9, ww! 


uq 


“g |W! 








9 WU> 


uq < uq do (}x9_ 019Zz)9 | Wu! 


‘gw! 





9 WU> 


ug < ug do (jxe_019z)9, WI 


uq 


‘g pw 





9 | WU 


uq <uq do (}x@_049Zz)9, WI 


‘9 wu! 





9 WU> 


ug < ug do (jx@_019z)9 | Wu! 


uq 


‘g, wu 





9 WU 


ug <uq do (}x@_049z)9, WI 


uq 


“Q LWW! 





9; WU> 


uq < uq do (}x@_049Zz)9 | Wu! 


uq 


‘gw! 





9; WU> 


ug < ug do (jxe_019z)9, Ww! 


uq 


“g;wiwu! 





9 WU> 


X98 019Z)Q9 | WI 


uq' 


gL wil 





9 WU> 


ug < ug do (jx@_049z)9 | WU! 





uq 


‘g wu 














AL Ay At at al ay al al at alata ap ay al at alalal ap ay al alata ap af apa al ala 


8 


9 | WU 


Z 9 S 
apo5 eulyoeyy 





SPS PSPS) Sper re ee err re ee rt tt ty tt] tT] ©] ©] ©] CO] CO] OC] CO] © 


) 
Z) 
Z)9 
) 
) 
Z) 
Z) 
Z)9 
Z) 
Z)9 
) 
) 
Z) 
Z) 
Z)9 
Z) 
XO 0J9Z)Q | WWI 
) 
) 
Z)9 
Z) 
) 
Z) 
) 
)g 
) 
Z)9 
Z) 
) 
Z) 
) 
) 


uq <uq do (}x@ 049z)9, WI 





























uolyesado 
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ug‘g }wu 


O|UOWSUY 
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OE JO. 


-SeuU> 


uq do zeuuw! 


ug 


‘Zewul 





OEWV JO. 


-ZEWUUI> 


uq do zgwwi 


uq 


‘ZewiuL 





OEWV JO. 


-ZEuluUl> 


uq do zgwwi! 


uq 


‘ZEW 





OV JO. 


-ZEWUI> 


uq do zeuuw! 


uq 


‘EW! 





OEWV JO. 


=-Zeuul> 


uq do zgwwi! 


uq 


‘ZeWiUul 





OEWV JO. 


-ZeuUI> 


uq do zewuw! 


uq 


‘ZEW 





OEWV 0. 


A} A; A; AT Ay Aya 


-ZEWUUI> 


uq do zgwwi 


uq 


‘ZEW 





OE JO. 


-ZEuUI> 


uq do zeuuw! 


uq 


‘ZeWul 





OW JO. 


-ZEuUI> 


ug do zeuuw! 


uq 


‘Eww! 





OEWV JO. 


=ZEuUI> 


uq do zgwwi! 


uq 


‘ZEW! 





OW #0. 


-ZEuUI> 


ug do zewuw! 


uq 


‘EW! 





OEWV JO. 


=-ZEuUUI> 


ug do zgwwi 


uq 


Fam 





OEWV JO. 


-ZeuUU> 


uq do zewuw! 


uq 


‘ZEW 





OEWV JO. 


A} A} a} al al aya 


-ZEuUI> 


uq do zgwwi 


uq 


‘Ww! 





OEWV 0. 


Ze uUI> 


ug do zgwwi! 


uq 


‘ZeWul! 





OW 40. 








-ZEWUI> 


ug do zeuuw! 


uq 


‘EWU 





=-ZEuuUI> 


ug < 


uq do zgwwi 


uq 


‘ZEW 





-ZeuU> 


ug < 


uq do zeuuw! 


uq 


‘EW! 





-ZEWUI> 


ug<_ 


ug do zgwwi 


uq 


‘SW! 





-ZeuUI> 


ug < 


uq do zewuw! 


uq 


‘ZEW 





ZeuU> 


uqg<— 


uq do zeuwuw! 


uq 


‘EW! 





Ze uUI> 


ug < 


uq do zgwwi! 


uq 


‘eww! 














A ATA; A; Aa; al al al ala 


8 


-ZeuUI> 
-ZeEWUI> 


£ 9 
apod aulyoey| 


ug< 


O Of OO} OO} Of] OO} O}] O|] O} O}] O| O] O} O| O] O}] O|] O|] O}] O} O| O] O/] © 


ug<_ 














uoye1adO 


LAS NOILONULSNI SAGAS SEOLNIN/OEOLNIN 

















uq do zeuuw! 
ug do zgwwi 








ug 
uq 


O|UOWAUY\ 


‘EW! 
‘Ww! 
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MAINBAC | Ja}deyD 0} J9J91 Bsea|q 
yeWO4 


“sajoA0 ay} OUIJaP SIBSN aU} ‘SUONONJJSU! pepUE}xe BuisN J] 
“sajoXo au} sjoaye uole}/e}Su! aulj}adid ay} MOY JO} SjenueW |S7 84} Bas Bsed|q 


(ayoeyo ou} Wy pue ease ajqeyoed 0} Ssa00R: eyeP/SUOION}SU| 
ayoed YIM 
aoeds IVY JeuJajUI 0} ssad0e :eyep 
90eds WIVH/INOH |eusajU! 0} ssa00e :suoONs}su| 
“YSe|} [EUJOIU! /\IWY/INOY) 
ajOAO | :8J0}Ss/peo] yep 
sajoAo g :ananb uojonjsu| (Zz) 
uolye|ye}su! auljedid ou (|) 
‘SUOI}IPUOD BSOU} UO payejngjeo ae SajoAD 
“$S900P 0} 
aoeds Aiowauw ‘auljdid ay} jo snyeys ay} paBueyo oq Aew sajoAD 
leqe| usr * (uy) usr S9|0AD 
“ wew‘'6ey HAOW ‘ bey‘we~ gAOW 


:3\q 
Ua}M ase SajDAD puke ezISepoD aiqesn 98ZISOPOD 

US}UM JOU BJe BPOD SUIYOW\ JO EWJO 

Jajquiassy Aq suolonijsul ajdijjnw 0} paoejdeas suoljonJjsu| mf 

suasn Aq pauyap % 
sly ‘ ud y¥S7 ‘ ud HuSV peuyep jou é 
‘wey!'6ey HAOW ‘ wen‘bey aAOW | seXemje L 
0 seme 0 
Uuds}M ase sajaXQ puke eziSapog ajqesn saBueyo ou - 
USYUM JOU BJBaPOD SUIYO\ JO Yeo saBueyo | 
Ja|quassy Aq SuONoNJsUl J9UyJO 0} pade|das SuO!ONJ}SU]| mH 6e|4 w 


Appendix 


LAS NOILONULSNI SAIYAS SEOLNIN/OSOLNIN 


(‘XO 0} Bulmoy|o} jewIoapexey);ewWloapexey 
“{}, UlytIM Ug 49}s16e4 


Ul }1-ZE 49MO] PUB YH U! ae eyep yIq-zE 4addn asoym pouljap eTEep 119-79 


pua}xe-019z 

pus}xa-uBbis 

yNsaJ uONesadoO $}99)}91 

8AOW 

siajsi6eu Aresodwea} 

sbel} o10Z 

s6ely aaqebou 

sbey Aes 

sBel} MO}JJaA0 

anjea payloads J0y yIYs liq esWOLed 
(yalAyBu)yiUs 1q 

siasn Aq pauyop uoljesedo 

Peanut Iq 

HO aaisnjoxa 

YO |e9160) 

ANvV [29160| 

(IseyBiyAsemo})uoesq| 11q 

sia}sibal 

ssoippe () Aq paueyos Auowew ul eyep }IG-ZE Jamo} 
ssoippe() Aq paiajos Arowaw Ul eyep 11G9}. JAMO} 


XQ 


{ud‘yYan} 
(\xa@_019Z) 
(xa_uBbis) 


dwa} 
AZ 
AN 
Jo 
AA 


<<‘>> 
do 


v 


| 

8 

qsu"*qs|" 
s6al 
(uy)zewew 
(uy)g }wew 


ssoippe () Aq paueyas Aloe ul eyep yIq-g JAMO] (U\Y)gWUOLU 


(suq ZE 10 9) Sseippe aynjosqe 


zesge‘gisqe 


(suq ZE 40 9} ‘g)jueweceRdsip Zep‘gLp‘gp 


(suq Ze 410 9} ‘g)enyjen ayeipauitul 
sia}sibe1 ssoippe doo| 

s19}si6e1 uoNONsysu! doo} 

Jajulod yor}s 

49junoo wesboid 

pJOM snyejs Jossa001d 

4a}si6e1 apiaip/Ajdiyjnus 

si9ajsi6ai ssouppe 

siajsi6ei eyep 


ZEWWwI'O | WLU! LULU! 
yv1 

Yi 

ds 

Od 

MSd 

Yan 

wiy‘uy 

Iq‘wq‘uq 
uonduoseq mm 
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1st byte 


Upper/Lower 0 


0 


=e 


mAmonodw FD DOAN DO FF W PTL 


Appendix 
























































































































































Upper/lower 0 


0 


=e 


maAmonodwuwTr GO DAN DO FF W PTL 













































































1 2 3 4 5 6 7 8 9 A B C D CE F 
Bo” _[pojabst6)po(abste)po,abst6] D1 [Diabste)Driabete| riabsi6] 2” [pafabste|0a(abste)02(absi6] D6 |0a(abst6}09 abst6)03,abst6 
EXTB Dn EXTBU Dn EXTH Dn EXTHU Dn 
ADD imm8,An MOV imm16,An ADD imm8,Dn MOV imm16,Dn 
MOV (abs16),Dn MOVBU (abs16),Dn MOVHU (abs16),Dn MOV SP,An 
bo | AD [pojdsspyorassP] oO: | ar [orieasPlarioase) be | ae jo2ieasp)Azense] bs | As [os(os.sP)ja(as.sP| 
INC4 An ASL2 Dn MOV (d8,SP),Dn MOV (d8,SP),An 
MOV Dm, (An) 
MOV (Am),Dn 
MOV Dm,Dn (If m=nMOV, imm8,Dn) 
MOV Am,An (If m=nMOV, imm8,An) 
CMP Dm,Dn ( If m=n, CMP imm8,Dn) 
CMP Am,An (If m=n, CMP imm8,An) 
PC)| (PC)| (APO) | PCL! APC)! BPC)| BPC] APC] aPC {feaPC) | she | NOP | wise | wrerey | Pres] aeiSh 
LLT, LGT, LGE, LLE, LCS, LHI , LCC, LLS , LEQ, LNE| LRA SETLB sarc) | dearo) | RETF] RET 
ADD Dm,Dn 
Code extension (2-byte) een Code extension Bie eter ae sion 
2nd byte (1st byte:F0) Instruction for 2-byte 
1 2 3 4 5 6 7 8 9 A B Cc = 6CD E F 
MOV (Am),An 
MOV Am,(An) 
MOVBU (Am),Dn 
MOVBU Dm,(An) 
MOVHU (Am),Dn 
MOVHU Dm,(An) 
BSET Dm,(An) 
BCLR Dm, (An) 
CALLS (An) JMP (An) RETS| RTI TRAP 
Instruction map 183 
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2nd byte (1st byte: F1)) Instruction for 2-byte 
Upper/lower 0 


| 2 3 


4 





0 


SUB Dm,Dn 





4 


SUB Am,Dn 





SUB Dm,An 





SUB Am,An 





ADDC Dm,Dn 


ADD Am,Dn 
ADD Dm,An 





ADD Am,An 





SUBC Dm,Dn 





CMP Am,Dn 





CMP Dm,An 








MOV Am,Dn 





MOV Dm,An 





nmmoowro9o on DO fF WO PP 








2nd byte(1st byte:F2) Instruction for 2-byte 


Upper/lower 0 


| 2 3 


4 





0 


AND Dm,Dn 





a 


OR Dm,Dn 





XOR Dm,Dn 





NOT Dn 








MUL Dm,Dn 





MULU Dm,Dn 





DIV Dm,Dn 





DIVU Dm,Dn 
ROL Dn 
ASL Dm,Dn 


ROR Dn 





LSR Dm,Dn 





ASR Dm,Dn 








EXT Dn 





MOV MDR,Dn 


MOV PSW,Dn 





nmmoowr GD DAN Do KR WO PL 





MOV 
AO,SP 


MOV 
DO,MDR 


MOV 
DO,PSW 











MOV 





A1,SP 





MOV 
D1,MDR 








MOV 
D1,PSW 





MOV 
A2,SP 








MOV 
D2,MDR 





MOV 
D2,PSW 





MOV 
A3,SP 








MOV 
D3,MDR 





MOV 
D3,PSW 
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2nd byte (1st byte: F3) Instructions for 2-byte 


Upper/lower 0 


0 


= 


mamoo0ouwnweira0o won DW Oo KR WwW PT 


1 2 3 4 


Appendix 





MOV (Di,Am),Dn 





MOV Dm,(Di,An) 





MOV (Di,Am),An 








MOV Am,(Di,An) 





2nd byte(1st byte: F4) Instruction for 2-byte) 


Upper/lower 9 


0 


= 


nmAmoo0ounwnwei i ra9oao won DO KR WwW PP 


1 2 3 4 





MOVBU (Di,Am),Dn 





MOVBU Dm, (Di,An) 





MOVHU (Di,Am),Dn 








MOVHU Dm,(Di,An) 





Instruction map 
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Appendix 


2nd byte(1st byte:F5) Instruction for 2-byte 
Upper/lower 0 | 2 3 4 





0 UDF20 Dm,Dn 





— 


UDF21 Dm,Dn 





UDF22 Dm,Dn 





UDF23 Dm,Dn 





UDF24 Dm,Dn 





UDF25 Dm,Dn 





UDF26 Dm,Dn 





UDF27 Dm,Dn 





UDF28 Dm,Dn 





UDF29 Dm,Dn 





UDF30 Dm,Dn 





UDF31 Dm,Dn 





UDF32 Dm,Dn 





UDF33 Dm,Dn 





UDF34 Dm,Dn 








mamonodw Fr © DAN DO HK W PP 


UDF35 Dm,Dn 








2nd byte (1st byte: F6) Instruction for 2-byte) 
Upper/lower 0 1 2 3 4 





0 UDF00 Dm,Dn 





— 


UDFO1 Dm,Dn 





UDF02 Dm,Dn 





UDF03 Dm,Dn 





UDF04 Dm,Dn 





UDF05 Dm,Dn 





UDF06 Dm,Dn 





UDF07 Dm,Dn 





UDF08 Dm,Dn 





UDF09 Dm,Dn 





UDF10 Dm,Dn 





UDF11 Dm,Dn 
UDF12 Dm,Dn 
UDF13 Dm,Dn 
UDF14 Dm,Dn 





rmamoonod Wor © DAN Do KH WO PT 





UDF15 Dm,Dn 
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2nd byte (1st byte:F8) Instruction for 3-byte 
Upper/lower 0 1 2 3 4 5 6 7 8 9 A B C D E F 


0 


_ 


mMmoooqonduweFrFr 0D AN DO KR WO PY 





MOV (d8,Am),Dn 





MOV Dm,(d8,An) 





MOV (d8,Am),An 





MOV Am,(d8,An) 





MOVBU (d8,Am),Dn 





MOVBU Dm,(d8,An) 





MOVHU (d8,Am),Dn 





MOVHU Dm,(d8,An) 

















MOVBU_ | MOVHU 
DO0,(d8,SP)D0,(d8,SP)} 











MOVBU_| MO’ 
D1,(d8,SP)}D1 ( 











MOVBU_| MOVHU 
D2,(d8,SP)D2,(d8,SP. 











MOVBU_ | MOVHU 
D3,(d8, 


SP)D3,(d8,SP) 








MOVBU (d8,SP),Dn 


MOVHU (d8,SP),Dn 





ASL imm8,Dn 


LSR immé,Dn 


ASR immég,Dn 








AND imm8,Dn 


OR imm8,Dn 


BV. 











C Ss BNC BNS 
(d8,PC) | (d8,PC)} (d8,PC)| (d8,PC) 





BTST imm8,Dn 








MOV (d8,An),SP 





MOV SP,(d8,An) 





ADD 
imm8,SP 











2nd byte (1st byte:F9) Instruction for 3-byte 






























































Upper/lower 0 1 2 3 5 6 9 A B C D E F 
0 UDFO00 imm8,Dn UDFUO00 imm8,Dn UDF20 imm8,Dn* UDFU20 imm8,Dn* 
1 UDF01 immég,Dn UDFU01 imm8,Dn UDF21 imm8,Dn* UDFU21 imm8,Dn* 
2 UDFO02 imm8,Dn UDFU02 imm8,Dn UDF 22 imm8,Dn* UDFU22 imm8,Dn* 
3 UDF03 imm8,Dn UDFU03 imm8,Dn UDF23 imm8,Dn* UDFU23 imm8,Dn* 
4 UDF04 imm8,Dn UDFU04 imm8,Dn UDF 24 imm8,Dn* UDFU24 imm8,Dn* 
5 UDF05 imm8,Dn UDFU05 imm8,Dn UDF25 imm8,Dn* UDFU25 imm8,Dn* 
6 UDF06 imm8,Dn UDFU06 imm8,Dn UDF26 imm8,Dn* UDFU26 imm8,Dn* 
7 UDF07 imm8,Dn UDFU07 imm8,Dn UDF27 imm8,Dn* UDFU27 imm8,Dn* 
8 UDF08 imm8,Dn UDFU08 imm8,Dn UDF28 imm8é,Dn* UDFU28 imm8,Dn* 
9 UDF09 imm8,Dn UDFU09 imm8,Dn UDF29 imm8,Dn* UDFU29 imm8,Dn* 
A UDF10 imm8,Dn UDFU10 imm8,Dn UDF30 immé,Dn* UDFU30 imm8,Dn* 
B UDF 11 immé8,Dn UDFU11 imm8,Dn UDF31 imm8,Dn* UDFU31 imm8,Dn* 
C UDF 12 imm8,Dn UDFU12 imm8,Dn UDF32 imm8,Dn* UDFU32 imm8,Dn* 
D UDF13 imm8,Dn UDFU13 imm8,Dn UDF33 imm8é,Dn* UDFU33 imm8,Dn* 
E UDF 14 imm8,Dn UDFU14 imm8,Dn UDF34 imm8,Dn* UDFU34 imm8,Dn* 
F UDF15 imm8,Dn UDFU15 imm8,Dn UDF35 imm8,Dn* UDFU35 imm8,Dn* 





al 


*: Installed for AM30/AM32. Not used for AM30. 
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Appendix 


2nd byte (1st byte: F4) Instruction for 4-byte 


Upper/lower 0 


0 


a 


m™moeOoOoWwWwDF DWN DON KR W PL 


2nd byte (1st byte: FB) Instruction for 4-byte 
Upper/lower 0 


0 


— 


mom DUDeOoOowWwWwrFr D WON DON BR W PL 


1 2 3 4 







































































MOV (d16,Am),Dn 
MOV Dm,(d16,An) 
MOV (d16,Am),An 
MOV Am,(d16,An) 
MOVBU (d16,Am),Dn 
MOVBU Dm,(d16,An) 
MOVHU (d16,Am),Dn 
MOVHU Dnz,,(d16,An) 
AO abs16] At (abs16 Az abst6 AS abs16] 
ho 16,SP| D016, SP} bD,6,SP]bo ete SP) 1616,SP] bt (ate SPIo1 ate SP]! ate SPlpo at6.SP) po a16,SP De 6,SP)D2 16 SP As (16P| Ds 616, SP} Ds 618, SPDs ete SP 
MOV (abs16),An 
MOV (d16,SP),An MOV (d16,SP),Dn MOVBU (d16,SP),Dn MOVHU (d16,SP),Dn 
ADD imm16,Dn CMP imm16,Dn 
ADD imm16,An CMP imm16,An 
AND imm16,Dn OR imm16,Dn XOR imm16,Dn BTST imm16,Dn 
BSET imm8,(d8,An) BCLR imm8,(d8,An) BTST imm8,(d8,An) oe or poet ar 

















1 2 3 4 


UDFO00 imm16,Dn 


5 6 7 


UDFUO00 imm16,Dn 


8 9 A B 


UDF20 imm16,Dn* 


C D E F 


UDFU20 imm16,Dn* 





UDF01 imm16,Dn 


UDFU01 imm16,Dn 


UDF21 imm16,Dn* 


UDFU21 imm16,Dn* 





UDF02 imm16,Dn 


UDFU02 imm16,Dn 


UDF22 imm16,Dn* 


UDFU22 imm16,Dn* 





UDF03 imm16,Dn 


UDFU03 imm16,Dn 


UDF23 imm16,Dn* 


UDFU23 imm16,Dn* 





UDF04 imm16,Dn 


UDFU04 imm16,Dn 


UDF24 imm16,Dn* 


UDFU24 imm16,Dn* 





UDF05 imm16,Dn 


UDFU05 imm16,Dn 


UDF25 imm16,Dn* 


UDFU25 imm16,Dn* 





UDF06 imm16,Dn 


UDFU06 imm16,Dn 


UDF26 imm16,Dn* 


UDFU26 imm16,Dn* 





UDF07 imm16,Dn 


UDFU07 imm16,Dn 


UDF27 imm16,Dn* 


UDFU27 imm16,Dn* 





UDF08 imm16,Dn 


UDFU08 imm16,Dn 


UDF28 imm16,Dn* 


UDFU28 imm16,Dn* 





UDF09 imm16,Dn 


UDFU09 imm16,Dn 


UDF29 imm16,Dn* 


UDFU29 imm16,Dn* 





UDF10 imm16,Dn 
UDF11 imm16,Dn 


UDFU10 imm16,Dn 
UDFU11 imm16,Dn 


UDF30 imm16,Dn* 
UDF31 imm16,Dn* 


UDFU30 imm16,Dn* 
UDFU31 imm16,Dn* 





UDF12 imm16,Dn 


UDFU12 imm16,Dn 


UDF32 imm16,Dn* 


UDFU32 imm16,Dn* 





UDF13 imm16,Dn 


UDFU13 imm16,Dn 


UDF33 imm16,Dn* 


UDFU33 imm16,Dn* 





UDF14 imm16,Dn 


UDFU14 imm16,Dn 


UDF34 imm16,Dn* 


UDFU34 imm16,Dn* 











UDF15 imm16,Dn 





UDFU15 imm16,Dn 


UDF35 imm16,Dn* 








UDFU35 imm16,Dn* 





or *: Installed for AM31/AM32. Not used for AM30. 
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2nd byte (1st byte: FC) Instruction for 6-byte 


Upper/lower 0 


0 


—? 


7raAmooe0 Wor © DAN DO KF WD PT 


1 2 3 


4 5 6 7 


Appendix 































































































MOV (d32,Am),Dn 
MOV Dm, (d32,An) 
MOV (d32,Am),An 
MOV Am,(d32,An) 
MOVBU (d32,Am),Dn 
MOVBU Dm, (d32,An) 
MOVHU (d32,Am),Dn 
MOVHU Dm,(d32,An) 
MOV MOV MOVBU |MOVHU |MOV MOV MOVBU |MOVHU |MOV MOV MOVBU |MOVHU |MOV MOV MOVBU |MOVHU 
A0,(abs32) | DO,(abs32) | DO,(abs32)} DO,(abs32) | At ,(abs32) | D1 ,(abs32)} D1,(abs32) | D1 ,(abs32)) A2,(abs32) | D2,(abs32) | D2,(abs32)| D2,(abs32) | A3(abs32) ) D3,(abs32)| D3,(abs32)| D3,(abs32) 
MOV MOV MOVBU |MOVHU |MOV MOV MOVBU |MOVHU |MOV MOV MOVBU |MOVHU |MOV MOV MOVBU_ }MOVHU 
A0,(d32,SP) | DO,(d32,SP)|D0,(d32,SP)} DO,(d32,SP)|A1,(d32,SP) |D1,(d32,SP)} D1 ,(d32,SP)|D1,(d32,SP)| A2,(d32,SP) | D2,(d32,SP) |D2,(d32,SP)| D2,(d32,SP)} A3,(d32,SP) | D3,(d32,SP) D3,(d32,SP)} D3,(d32,SP) 
MOV (abs32),An MOV (abs32),Dn MOVBU (abs32),Dn MOVHU (abs32),Dn 
MOV (d32,SP),An MOV (d32,SP),Dn MOVBU (d32,SP),Dn MOVHU (d32,SP),Dn 
ADD imm32,Dn SUB imm32,Dn CMP imm32,Dn MOV imm32,Dn 
ADD imm32,An SUB imm32,An CMP imm32,An MOV imm32,An 
AND imm32,Dn OR imm32,Dn XOR imm32,Dn BTST imm32,Dn 
ADD CALLS 
imm32,SP} (d32,PC) 














2nd byte (1st byte: FD) Instruction for 6-byte 


Upper/lower 0 


0 


=? 


raAmoe0 Wor ao DAN Do KF WD PT 


1 2 3 


4 5 6 7 


8 9 A B 


C D E F 





UDF00 imm32,Dn 


UDFU00 imm32,Dn 


UDF20 imm32,Dn* 


UDFU20 imm32,Dn* 





UDF01 imm32,Dn 


UDFU01 imm32,Dn 


UDF21 imm32,Dn* 


UDFU21 imm32,Dn* 





UDF02 imm32,Dn 


UDFU02 imm32,Dn 


UDF22 imm32,Dn* 


UDFU22 imm32,Dn* 





UDF03 imm32,Dn 


UDFU03 imm32,Dn 


UDF23 imm32,Dn* 


UDFU23 imm32,Dn* 





UDF04 imm32,Dn 


UDFU04 imm32,Dn 


UDF24 imm32,Dn* 


UDFU24 imm32,Dn* 





UDF05 imm32,Dn 


UDFU05 imm32,Dn 


UDF25 imm32,Dn* 


UDFU25 imm32,Dn* 





UDF06 imm32,Dn 
UDF07 imm32,Dn 


UDFU06 imm32,Dn 
UDFU07 imm32,Dn 


UDF26 imm32,Dn* 
UDF27 imm32,Dn* 


UDFU26 imm32,Dn* 
UDFU27 imm32,Dn* 





UDF08 imm32,Dn 


UDFU08 imm32,Dn 


UDF28 imm32,Dn* 


UDFU28 imm32,Dn* 





UDF09 imm32,Dn 


UDFU09 imm32,Dn 


UDF29 imm32,Dn* 


UDFU29 imm32,Dn* 





UDF10 imm32,Dn 


UDFU10 imm32,Dn 


UDF30 imm32,Dn* 


UDFU30 imm32,Dn* 





UDF 11 imm32,Dn 


UDFU11 imm32,Dn 


UDF31 imm32,Dn* 


UDFU31 imm32,Dn* 





UDF 12 imm32,Dn 


UDFU12 imm32,Dn 


UDF32 imm32,Dn* 


UDFU32 imm32,Dn* 





UDF 13 imm32,Dn 


UDFU13 imm32,Dn 


UDF33 imm32,Dn* 


UDFU33 imm32,Dn* 





UDF 14 imm32,Dn 


UDFU14 imm32,Dn 


UDF34 imm32,Dn* 


UDFU34 imm32,Dn* 











UDF 15 imm32,Dn 


UDFU15 imm32,Dn 





UDF35 imm32,Dn* 








UDFU35 imm32,Dn* 





gAMO *: Installed for AM31/AM32. Not used for AM30. 
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Appendix 


2nd byte (1st byte: FE) Instruction for 7/5-byte 


Upper/lower 


0 


—e 


rmamoQo wr 0 DON DW Oo fF WO PLP 


0 


1 


2 


3 


4 





BSET immé} 





(abs32) 


BCLR immi 





(abs32) 


BTST imm8} 
(abs32) 











BSET imm8, 
(abs16)* 





BCLR imm8, 
(abs16)* 





BTST imm8, 
(abs16)* 














Upper/lower 0 


0 


—e 


rmmonod wor 0 DON Do fF WO PLP 


190 


ar Lr * - Installed for AM32. Not used for AM30/AM31. 


2nd byte (1st byte:F7) reserved map 


1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 











Instruction map 











BRA TRB oot tsesoussettasmndoduiasdaondels 81 
A BSET — Dm (AN) vicsecccsecesseescsseecsseesseeeceseeeeees 66 
ADD: Ali Aiiecadcsonsncideunonendd 46 IMMB,(ADS16) oo... seseerrseesseesseeeseceees 67 
AMD woececssecssessessessssesteseteseesseesseen 46 IMMB,(ADS32) ...eseeseersseesseesseesecsees 67 
Dim, Dn. woececssecssesseceseeseeesesevessesseeesven 46 TMMB,(d8,AN) ...esseesseesseeeseereteeeeeees 67 
B00 DO gate see Becher cciesedtctteeeass 46 BTST = imm16,Dn..... sco eeeeeeeeeeeeee 65 
UMMIGOAN veeececeseccseessceseeseeessesseceseen AT TMM 32,DM ...eessecsseeseseesseeeseeesteeneeens 65 
MARE 1s IOUT ss danicdeachbeesetaccsiovateranss 47 IMMB,(ADS16) .....sseeseseerseereees teens eeens 65 
UMMIO,SP vececcceseceseesseesessseeseesseeeseen AT IMMB,(ADS32) ...eesseesseesrerseeee teens eeees 65 
TMM32,AN vevecceeseceseesecesseseeessesseeeseen AT IMMB,(d8,AN) ....sseeseseesseeeseerereeneeeees 65 
UMM 32,DN oeeecsessecseessessessecsesseesseseeens 47 MMM SS DM ers ssceeceeoscntvceseceeeedebeseks 65 
AMPA Ds SP oe cnc dciastdcoesetenieshecsonehixeedias 47 BVC Wael. 2. csscesiscseiieecseeerseehinenteesesnons 81 
EMME, AN ceeccccccscsscsccsesesesessesesseseesees 47 BVS 1 Fy ep a 81 
Vd 618 (ts lB) 0 ge 47 
TMMB,SP ...eecseecesseccssecessecesseeeeseesesees 47 ce 
ADDC DIM, D1 oon eeseecseeeeseeeesteeee esses teees tees 48 S76 Sa 5 | ee ee 85 
AND — DIM, DI vieeeseecsesesteeesteeeen esses eeenseeeeens 59 CALLS. CAR) ccisictrwetrcrccnraricnacdecenesas 87 
TMM 6,DM o..esssecsseeesseeesseersseeceseseeens 59 Label ..cecceccssesssesssssessecesessssecsseessevease 88 
TMM 6,PSW oseseecsesecseeesseessseessseeeeens 60 CUR,  “Dibiscegedieckackuenetnicas 45 
TMM32,DM ..eseserseseesseeesseessseecsseeeeens 59 ONE? Aa A icc csscta ieelacicctactlateaate 58 
TMM8,DI ...eessseesseessseesss sees teecenteeeens 59 Pasties Santos: 58 
ASL Dm,Dn euivienedscenae sears satiesivaedtesesnnassewees 76 Dm,An Skee feed Ay ter ae Seas oes te toe 58 
TMM8,DI os. eesseeesseessseessseessteeseiteesens 77 Dein sere eee tt eee 58 
ASL2 MEDI estes Acevssids calsesen vette deceon desta ccnesesen’ 78 imm16,An mete cetees ates ste ceehet aie seen sceee 58 
ASR Dm,Dn swasisinasuiecuse sauce codeosbasasieaseuascsuines 70 imm16,Dn ER ES Sn te 58 
Whe sacs eseaerctec toes es ustesns eeaceeenceueeieces TD imm32,An Peo aean tale saa, aesehas ca au es 58 
WANN SOW: es 2c sssussacecuzceetacdetesseseesgeces 71 U3, oe eeeccsssecsessecsecssesecsssesesseese 58 
MITITIS FAM ccs svesceveiszesssanesskacsaeeovesaeeens 58 
B v1 010 1 Fes) 0 See re on 58 
BO Mabel iacsdartausctesanreccrcnttantnndes 81 
BCUR  Dmii(AR) cciclence sein tienesetactst 68 D 
1MM8,(abs16) ...... cece eeeteeeesteeeeeeees 69 DIV Dim Di. ie skesicee Abciecesiehneees ene 54 
iMMB,(AbS32) ..eceeecssesecsececseeeeseeeesees 69 DIVU Dim D0 eecceccceeccseeeessecessesesseesesseceseeces 55 
iMMB,(d8,AN) ...ecseccsseeecseeessecesseeeesees 69 
1G A Cl eee ee Re nt 81 E 
BEQ Lae) eeeeeeesssseeseseeeeseseesessessnnnnnnnnnan Ble] TT < Wil cayerzecnersiclanccatepencaatiestel acornteaaes 40 
BGE abe) eee seeeessseeeesseeeseseenessesnnnnnnnnnnan OE || BTR WG. antecsieeiet acim eniruiss 4] 
BGT abel sees reeset 3 ne 22.) 0 ee ne ee ee 42 
BHT abe) .sesseeeesesseeesesseseseesesesnssnnnnnnnnen OL BRT Mil cssiesidianigelanannadecninuet 43 
BLE abel... seeeeeeeererereeer reeset Tl ROOD Dies caterer uarecatrauneanunuss 44 
BLS Tee liriatsnenscreetxestseceatesesccacadneneds 81 
BLT Te Geleaeiteans wien aceenunen 81 
BNC Webel jiccisisciedsccsassiacactaassentendeunvsiacnsins 81 FAG? Phieseenersscssrcareeneesandeematecs a 
BNE “Wheleccesccprencmnatincanient 81 pd ects Ps tse set ce ae 
ENS Ns caisnoteinenenyennen eres et DBRC4 ~ Ai cc tecssacastasdesearchesttasestondiacredve 57 
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JMP 


JSR 


Le 
LCS 
LEQ 
LGE 
Ler 
LHI 
LLE 
LLS 
Ler 
LNE 
LRA 
LSR 


MOV 


(ATI) Seeetichctese sc ects Sd vie beatettevesee wheels 84 
IE lof) Ieee eerer ee eer re ateeee teeter te 84 
(AD) boise ie wesiien ee Eigtleeienninis 92 
TAD GM ip stscecetert torcessrstsecenssaeteranenesiee 93 

Fedlenpenatteacdeessiee cdeteteeere Meseetinedvcnteth tas 82 

Sogednsiuctst iicaheestttsceseeusiee toot eens ese 82 

Piece ee eteci aus Bess este ott ce oe 82 

shee ialane do dieehWat ed wea cc eeneadseeeecuse de eadtes 82 

Logeebiebeligaclieiaecieeniensateetsdebciceneniei cis 82 

i edeceieeePeees ci slhit, arid seactecssencvemencesstes 82 

sidedda Sees sts senda to oes sfset Siuscbdetetotesattovesesss 82 

sedees acbianas chdauda vals dlvieeveboeverebaseaetevenceed 82 

sage ob Ueteencntta dead nlacenes Sites ddeeSetec ad etces 82 

boaieetaseeees ss ceeecete cs soreey eccuesecue stan cesses 82 

S eocceesa re ie eee sects tet steven ecesteceesecnctee-cs 82 
PMD fe seccsssseddeted Ovcecuceseteeelnccstetts 73: 
Dh ces scteks Gk eiheeieeiesiarecseestnnchwnets 75 
WMS feces asd seetetes nccesteeiveciecescheces 74 
(CABS UG) AM: esse) extestaerstecveticwtiece thieves 27 
(€DS16),DI1 oo... ececeeceeseceeesteeeeeees 27 
(abS32), AM sss6: oeeeccsdicescseeessch nieces 27 
(CADS3.2) DD esses sceisweesheceveesettiadecnedeats 27 
Am, (abS16) occ eeecceeeeeceeerteeeeeeeeeeees 28 
AAT; (ADS3 2) recess canes te sheet iteesGesdecienes 28 
PTI AMS os 2 eee ae asaenedes dwtansedendeteies 26 
Am; (AN) secistiaccevecoieiea ceyercton aie eee 28 
Am; (d16, AM) 26. iesgccevesceceseeedocecnvessnce 28 
Am, (d16,SP): ...:icsccecesscetsssscsseecdeceese’ 28 
AM, (032; AD) vecscesicsssecaeccesectoeecnteoecne 28 
Am; (d32)SP)) sec Asccce.ctecesties cavendesicae 28 
Am,(d8,AN) 00... .ceecceeeseceeeseeeeseeeeeees 28 
AM; (AB SSP) eciteeiieeieck es 28 
Am, (Di, AN) 00... .eeecceceecceeesteeeeeeeeeeeee 28 
AMID 02 stecistiesccvosesieen ee eeecss 26 
PATI SP ioe 008 sta hidctecsbececebeestescecteves 26 
CAT) AD 5555050 isstieedeisnevonses tances test 27 
(AM) Dies iestiisiicntinicesniachss 27 
(d16,AM),AN .....eeeeeceseeceseeeeeeteees 27 
(d16,AM),DMI....... ce eceeceeeeteeesteeeeeees 27 
(325A) AMios. cese.dtecedestctteastes-achenee 27 
(d32,AM),DMN.......eeeecesseceeeeeeeteees 27 





MOVB 


CS An iting ne ce fea tasted a7 


(8, Am), DD 2.6 0s5..eivcdaucesnceeeecesed 27 
(d8,Am) SP isc. ilies 27 
(GIG SP) Ami 25cci 5 eivseeeds esti 27 
(A1G6;SP), IDM: ciecsesseieccciadseeeeten’: 27 
(d32,SP), AM .2, vevseiersceeiaxiaiieonncsiiieee. 27 
(32.SP) Dies. 2 vasecancoevevestiedeiceses 27 
(OS SP) GAM g25.0:.cosecevecenesbdsd bene sable: 27 
(OS, SP MDW oscecits scscsectes eetieiiscctivenss 27 
(DAM) Atiizcs, ccovteens ap esstevcdveesesess does 27 
(Di-Amm)  Dite.:.dasssesssceseccevscvesssecseeess 27 
Dim; (abs 1G) s.sceec ences cerctesece edd 28 
Dims (AbS32) Bi copes eset as sabdes tedexbiecs 28 
pri Ate. 2a is sav duke ees oewateadeceeneasened 26 
Dm, CAM) dsc cicesscess acess cseeseeescdveenettes et 28 
Dims(dlO;AN) as.tsscet ics oesieict ah: 28 
Dim; (d16;SP)scceicencteeeiicthe evinced: 28 
Dm, (d32,AN) .0....cecceeeecceeesseeeeeeeeeeee 28 
Dim, (d32;SP) ice caieeectenecniiiea 28 
Dm; (d8 An) ecsccss eects es ceccctrionesiecs 28 
Dm, (d8,SP) .........2::ccecccccssseesseensessees 28 
Dim, (Di,An)):.3. 6220500 beccevscceecsenseeees 28 
MTA 22s scsessghe deat cepiedetvedce cutee dasch 26 
Mm, MID Rie 8 coos ost cabstenecs'cncsteterese cs 26 
IDM PS W ieee he ea ieee 26 
WNT LG AD i scdscseiedeesesteseteecdeceedtenctecs 29 
IMM 6: DO ocvescsvseiovreiesaceetbecorashesveocs 29 
WMT 2 AM cs, sieve lobensevtisveses te tedecwevees 29 
01 44114 11570201 BD 0 29 
WMMIG SAM 5 2.325555, 20s seeetecsseauscecnensenes 29 
MMM GOW os Sie dadesneteedccersrGrecancenmacces 29 
MUD RY Dither cis b35e8 suasvtesecsantste bGictees ds 26 
IPS Wy Dit goers oh Saateeeds thee tesvetieectect 26 
DS Py AN csi secec te eee Biiedc on Sl dsecneavec detente: 26 
SP:(d8,AMN) ssc. ios ainsi emnhighiceiee. 28 
(aDS16): Ditiais secs steccesic evi lacleeticiocs 32 
(ADS32 SIDI os. 22505 scoes tac 2fandsecedisdecivencs 32 
(Am), Ditties .isscccesnissseciceihieenincess 32 
(d16,AM), Dic. cscc.ceccedeceeeccvesseees 32 
(d32,AM),DMD....... ce eeeeceeereeeeseeeeeeees 32 
(08, Am) SD iiscaciiectic cece i eecetoheceacs 32 
(GIG:SP) Dil. cose csccees seeccaseecevdereveentees 32 
(32, SP) Di ccsies se ciseecicevieescinionss 32 
(8, SP) MD thes coe. tesce scarves tesertecctecuevest 32 
(Di,AM), Dio... ceecceeereeeesteeeeeees 32 
Dim; (ab816) oisccecssciiteeeneieeeeeaven 33 
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Dim, (abS32): &.s.cevseies cotiocesiecsccseeciiene! 33 
Dim, (A) ssgee csi eteceepiecedcecetes iets 33 
Dm, (d16, AN)... ceeeeecessecesseeeeeees 33 
Im; (dlO;SP) cet ink eect 33 
Dm; (d32;AM) sc cecsesteccvevcesersdveeeerinitves 33 
Dim, (d325SP))scveccesiiccseceeivsceseccenchieecs 33 
Dims 8AM) o.cn2esteseeetastoessheseteenese’s 33 
amis (83S P) cas. vorceseh iasecees ecstatic ates 33 
Dim, (DigAM) sis. sec scses coon ceeescceesteecavenss 33 
MOVBU (abs16),D0. ou... eee eeeeccecesteceeeeeeeeeee 30 
(ADS32) IDM vs5.cc0. sees sdedcdendebcecaacesisenes 30 
(Am): Dive. 2c cote eccivtetevctbetthwesces 30 
(d16,AM), Ditties ceccccesccesecesececsvtess 30 
(d32,AM) DM vive. cscs. cesecceoeseeescesccieess 30 
(08, Am) Di iets sciisrins vires 30 
(ATG;SP) Di oo s08 sicesbeesectac.geacdaincieenes 30 
(d32,SP) Dib .cecisvenesccsteetee acs esoebecienct 30 
(CB SP), DMs oecccccéceessavendedessnveeebeetes 30 
(DAM) Dine. vec ceses exsecethes lencsteddi nates 30 
Imi; (ADS 1G): inc2isoeces tess cers etsetiecincs 31 
Di; (ADS32) .cdcceseusecestreusesedversatiauives 31 
Dim, CAD) 9.0.06 sovevevseicesetoeesieeetsencsieeet 31 
Dm, (d10,AN)c2¢ccercterictevecsestectswessed 31 
Tumi, (GSP). .c2sssecisscccete stead ssacdsesies 31 
Dim, (32; AN) 3.06. sss8. cosececs scceescabeaienst 31 
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